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Abstract
All known ionic discotic liquid crystals belong to the class of chromonic LCs that show unique
lyotropic but no thermotropic mesomorphism. Their characteristic structural feature is an
aromatic ring system with one or two ionic groups attached to it. Because o f this rigid structure,
these compounds usually do not show typical surfactant behavior and cannot accommodate more
charged groups. In this thesis, we present a new design for poly-ionic discotic liquid crystals that
links the charged groups to the rigid aromatic core via flexible aliphatic spacer groups.

Several synthetic pathways towards octa-alkyl acid phthalocyanines and octa-alkyl amine
phthalocyanines and their precursors have been developed. The preparation o f three octa-acids
with different aliphatic spacer chains has been completed successfully and the proposed structures
Pc-C„-COOH (n = 3, 5, 10) agree with the obtained spectroscopic data (UV-VIS, IR, and MS).
Two octa-amine phthalocyanines (Pc-C„-NHj, n = 6 , 11) were also prepared but the proposed
structures have not been unambiguously proven as no MS data have been obtained even though
ESI and MALDI, which worked for the octa-acids, were tested. 4,5-Dicyanocatechol was chosen
as a new modular precursor for the phthalocyanines and was obtained via a di-bromination of 1,2 dibenzyloxybenzene with NBS, cyanation of the dibromide with CuCN, and then cleavage of the
protective benzyl group under H 2 and Pd/C. 4,5-Dicyanocatechol was quantitatively alkylated with
alkyl bromides using CS2CO3 in DMF.

As an alternative route to octa-acid and -amine discotic liquid crystals we wanted to
demonstrated

that

octa-alcohol

precursors,

such

as

previously

synthesized

octa-

hydroxyalkylthiotetraazaporphyrins (TAPS-Cn-OH, n = 3, 6 , 8 ,11), can be converted to the acids
or amines by esteriflcation with cyclic anhydrides (maleic anhydride) or amino-protected amino

iii
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acids (iV-boc glycine) in one or two steps, respectively. A successful purification and
characterization of the reaction products, however, has not been accomplished within the scope of
this thesis.
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A
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Ac

acetyl

A c20
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AcOH
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aq.

aqueous

bmiBr

1-n-butyl-3 -methylimidazolium bromide
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ferf-butoxycarbonyl

br
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Bn
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Col
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Col0b

oblique columnar mesophase
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disordered columnar mesophase

Colh

hexagonal columnar mesophase

Col0

ordered columnar mesophase

Colp

plastic columnar mesophase

Colr

rectangular columnar mesophase

Colt

tetragonal columnar mesophase

compd

compound

cone

concentrated

DBU

l,8-diazabicyclo[5.4.0]undec-7-ene
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DCC

A,A’-dicyclohexylcarbodiimide

DCM

dichloromethane

DEAD

Diethyl azodicarboxylate

DIC

N, N ’-diisopropylcarbodiimide

DIAD

Diisopropyl azodicarboxylate

DIPEA

N,N -diisopropylethylamine
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4-dimethylaminopyridine

DMEA

AA-dimethylethanolamine
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dimethyl formamide

DMSO

dimethyl sulfoxide

DPPA

diphenylphosphoryl azide

eq

equivalent

ESA

electrostatic self-assembly

EtOAc

ethyl acetate

EtOH

ethanol

HMPA

hexamethylphosphoramide

HPLC

high performance liquid chromatography

IR

infrared, or infrared spectrometry

LC, LCs

liquid crystal, liquid crystals

LCD

liquid crystal display

max

maximum

Me

methyl

MeOH

methanol

MS

mass spectrum, mass spectrometry

NBS

A-bromosucinimide
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N Coi

nematic-columnar mesophase

Nd

nematic mesophase

Nd*

chiral discotic nematic mesophase

NMR

nuclear magnetic resonance

PTA
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1.
1.1.

Introduction
Discotic Liquid Crystals
1 . 1 . 1.

Introduction o f discotic liquid crystals

Liquid crystals (LCs) are subdivided into two major groups: calamitic LCs and discotic LCs.
Calamitic LCs are molecules with an elongated rigid core and one of their molecular axes is much
longer than the other two. Discotic LCs contain a rigid disc-shaped core and, therefore, two mo
lecular axes are longer than the third axis normal to the “disc” (Figure 1).

1. 1. 2 .

D iscotic mesogens

Chandrasekhar discovered the first discotic liquid crystalline phase in 1977 that was formed by
columnar stacks of disc-like hexa-n-alkanoate substituted benzenes.1 Since then thousands o f dis
cotic liquid crystals have been prepared and they have attracted much attention over the last ten
years because o f their extraordinary electro-optical properties.

R

R

R

R

R
R

(A)

Figure 1

(A) Phthalocyanine and disc-shape; (B) 4-«-heptyl-A-(4-«-pentyloxy)benzylidene and rod-shape
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Discotic mesogens are characterized by their disc-like molecular shape and usually consist of a
conjugated macrocyclic or polyaromatic core surrounded by flexible hydrocarbon chains (e.g. the
phthalocyanine derivative in Figure 1).

Many types of core structures have been converted into discotic mesogens such as anthraquinones, ethynylbenzenes, naphthacenes, perylenes, porphyrins, phthalocyanines, triazines,
tetraoxa[8]circulenes, trisoxadiazolylbenzenes, triphenylenes, and tristyrylpyridine derivatives.2
The most extensively studied discotic LCs, however, are derivatives of triphenylene (Figure 2,
B), porphyrin (Figure 2, C), and phthalocyanine (Figure 2, D).

B

Figure 2

Examples o f discotic mesogens (R = alkyl or alkoxy chains)
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1. 1 . 3 .

Classification o f discotic liquid crystalline phases

Discotic liquid crystal phases are classified into two main categories: discotic nematic
mesophases (ND) and discotic columnar mesophases (Figure 4). The discotic nematic phase is the
least ordered mesophase formed by disc-like molecules and is analogous to the nematic phase
formed by rod-like molecules. It is characterized by possessing 1-dimensional long-range orienta
tional and no long-range positional order (Figure 3). Discotic columnar mesophases are obtained
when the disc-like molecules stack on top of each other. These phases have both long-range ori
entational and 2-dimensional positional order with the exception o f the columnar nematic phase
that has no positional order. The different columnar mesophases with 2-dimensional positional
order are generally classified according to their packing symmetry. The symmetry is defined by
the arrangement of the columns in space, the orientation of the molecular planes with respect to
the columnar axis (Figure 3), and the degree of stacking order within the columns (Figure 6).2

nematic-discotic (ND)
nematic-columnar (Ncoi)

columnar hexagonal (Colh)

Figure 3

columnar rectangular (Colr)

Discotic liquid crystal phases: nematic discotic (ND), nematic colum nar (NC0|), columnar hexagonal

(Colh), and colum nar rectangular (Colr)3
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Classification o f D iscotic Liquid Crystal mesophases
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Figure 5

Square

View down the stacking axis o f columnar discotic mesophases

The degree of order and molecular dynamics within a columnar stack has been a matter of de
bate for more than a decade. It is commonly accepted to distinguish between at least four states of
intracolumnar order (Figure 6). The disordered (Cold) and ordered (Col0) stacks of a columnar
phase have been distinguished between based on X-ray diffraction data, but the transition be
tween the two is not strictly defined. A further increase in orientational and/or positional order
leads to the plastic columnar phase (Colp,lD orientational and 3D positional order) and the helical
columnar phase (H, 3D orientational and 3D positional order), which have been identified more
recently.2

«fi i

D is o rd e re d
C o ld

Figure 6

O rd ered
C o l0

P la stic
C o lp

H e lica l
H

Colum nar phases can be sub-classified according to the degree o f order and the dynamics o f the mole

cules within the colum nar stacks: disordered columnar phase (Cold), ordered colum nar phase (Col0), plastic columnar
phase (Colp) and helical colum nar phase (H).2
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1.1.4.

Chromonics4

While all the abovementioned discotic liquid crystals are neutral molecules that show thermo
tropic mesomorphism (only depends on temperature), few examples o f ionic discotic liquid
crystals have also been reported. Most known ionic discotic liquid crystals belong to the class of
chromonic liquid crystals and show aqueous lyotropic mesomorphism (depends on concentration
in a solution and temperature) but no thermotropic mesomorphism. They were discovered acci
dentally and include a range of drugs, dyes, as well as nucleic acids. Some molecular examples of
chromonics are shown in Figure 7.

Chromonic molecules generally consist o f an aromatic disc-like or plank-like core and have
ionic and /or hydrophilic groups attached to the rigid core. Because o f this particular molecular
structure, they are often said to be effectively insoluble in one dimension. They rather aggregate
into columns, even in dilute aqueous solution, so the hydrophobic aromatic core is not exposed to
the water molecules. They are unlike detergents and do not have significant surfactant properties
as they do not form micelles but individual columnar stacks.

Na'OOC

COO'Na

OH
N a'OOC'

CO O 'Na
disodium cromogylcate

=N

Na'OOC'

Me

COO'Na'

Me
Copper-tetracarboxyphthalocyanine

Figure 7

methyl orange

Exam ples o f chrom onic molecules4
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Since very little systematic research has been conducted on chromonic materials, the require
ments for chromonic behavior are still very vague. From the structures o f the known chromonic
molecules, it can be deduced that they must have large enough aromatic regions to enable 7r-7T
stacking into columns and they must carry hydrophilic/ionic groups to disperse the columns in
water. Few examples o f non-ionic chromonics have been reported and their intermolecular inter
actions have not been fully investigated. It is assumed that hydrogen-bonding and dipolar
interactions play an important role.

Two characteristic phase structures of chromonic systems have been described, which are de
noted N- and M-phases (Figure 8). The common structural feature o f both phases is the
intracolumnarly untilted stack of molecules. N-phase structure is reminiscence o f the thermo
tropic NCoi phase, while the M-phase is a hexagonal array of stacks with six-fold symmetry, which
is similar to the Colh phase.

Figure 8

The structure o f the chromonic N- and M -phases4

The driving force o f the aggregation in w ater or other polar solvents seem s to be the hydropho

bic interaction among the hydrophobic cores of the molecules, in particular the 7r-7r stacking
forces between the disc-phase molecules. This is in contrast to conventional surfactants in which
the “hydrophobic effect”, entropically expelled by water, is the driving force of their aggregation.

7
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In ionic chromonic systems, the charged surface of the columns results in coulomb-repulsion that
causes the columns to move apart from each other. The hexagonal arrangement o f the M-phase is
generated because of this repulsion and, interestingly, columns will move apart in an equidistant
manner when the system is diluted.

Chromonic mesomorphism is of industrial interest as many commercial drugs and dyes display
chromonic phases that affect their drug delivery and dying properties. More recently, chromonic
mesophases have been investigated for the applications in information display and storage de
vices as they show unique electro-optical properties.4

1. 1. 5 .

Synthesis o f D iscotic Liquid Crystals

A comprehensive coverage of the synthesis of discotic liquid crystals is not attempted here and
the interested reader is referred to a recent review on this subject.5 The following section focuses
on the synthesis of phthalocyanines and tetraazaporphyrins as they represent the two discotic core
structures that were investigated in this thesis.

a) Synthesis o f phthalocyanines

Phthalocyanine (Pc) and its derivatives are widely used commercial blue or green pigments.
More recently, the unique properties of phthalocyanines have inspired new potential applications
as advanced materials in sensors, catalysts, solar cells, light emitting diodes, xerographic films,
and reagents for the photodynamic therapy of cancer.6

Braun and Tchemiac 7 unintentionally synthesized the first Pcs in 1907 during their efforts to

8
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synthesis o-cyanobenzamide from phthalimide. They obtained an insoluble dark blue residue
when they heated o-cyanobenzamide at high temperature, which was later identified as
phthalocyanine (Scheme 1).

Scheme 1

The first unintentionally synthesis o f Pcs

M etal-free Pc

Figure 9

M etallized Pc

M etal-free phthalocyanine and metallophthalocyanine (m etallated Pc)

9
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Pcs are macrocyclic organic molecules that are comprised of four isoindole subunits joined to
gether by aza nitrogen atoms to form an aromatic 18 7r-electron core. The presence of the four
aza-nitrogen atoms gives Pcs (Figure 2, compound D) some distinguished properties when com
pared to porphyrins (Figure 2, compound C). Furthermore, the additional four benzene rings of
phthalocyanines considerably extend their 7r-electron system and turn them into strongly 7r-ir
stacking compounds that aggregate in solution at concentrations as low as 10-5 molar. Their
properties can be fine-tuned not only by changing their substitution pattern but also by simply
changing the metal ion in the centre of the tetradentate ligand (Figure 9).8

(I)
1) Li n-pentanolate/n-pentanol, reflux
2) H'

(II)
NH
CN

NH3, NaOMe/MeOH

,NH

DMEA, reflux

CN
NH
1,3-diiminoisoindoline

Metal-free Pc

(HI)

(IV)

NiClj, formamide

metal salt,
base,
solvent,
heat

(V)
metal salt,
solvent,
heat

N— "-M-— N

Metallated Pc

Scheme 2

Different synthetic pathways to Pcs
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There are a number o f methods available for the synthesis of Pcs. One o f the earliest and widely
used methods is the cyclization of phthalodinitrile in lithium «-pentanolate solution at 135-140°C
to give the dilithium phthalocyanine. This is subsequently converted to the metal-free Pc by treat
ment with acid (pathway I in Schem e 2 ).9

A direct synthetic approach to the metal-free Pcs is pathway II in Schem e 2. A solution of
phthalonitrile and sodium methoxide in methanol is bubbled with ammonia gas to give 1,3diiminoisoindoline, which is then converted to the Pc by heating it at reflux in DMEA .10

Metallated Pcs can be prepared directly from phthalonitriles by using metal ions as a template
for the cyclotetramerization as shown in pathway III of Schem e 2. Alternatively, a metal-free Pc
can be converted to its metallated form when treated with a soluble metal salt in a polar solvent
(pathway V in Schem e 2). All pathways have been tested in this thesis and detailed reaction con
ditions are given in the following discussion and experimental chapters.

Several research groups have studied the mechanism of the cyclotetramerization o f phthaloni
triles to phthalocyanine. Oliver and Smith 11 in Australia claimed that the formation of phthalocya
nine from phthalonitrile proceeds through reactive precursors that form oligomeric intermediates
which eventual condense to the templated cyclotetramer. They could isolate the reactive precursor
sodium l-imido-3-methoxyisoindolene (I) and the reactive intermediate (II), to support their pos
tulate (Scheme 3)

11
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Scheme 3

Proposed mechanism for the tetracyclization o f phthalodinitriles to phthalocyanine11

Many intermediates, beside phthalonitriles and diiminoisoindolines, can be used as precursors
for Pcs, such as phthalic acids, phthalic anhydrides, phthalimides, and 2-cyanobenzamides, which
will be not be discussed here .12 Ortho-dicyanobenzene derivatives, however, are the most com
mon precursors for the synthesis of Pcs. Two well established methods for the preparation of
phthalodinitrile and its derivatives is shown in Schem e 4. A diamide can be obtained via a subse
quent transformation of naphthalene or 1,2 -dimethylbenzene to phthalic acid, which is then con
verted to the diamide via the anhydride.12

12
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Scheme 4

Two methods for the preparation o f phthalodinitriles (R = H, alkyl, or alkoxy)

Introduction of long-chain substituents drastically increases the solubility o f Pcs in common or
ganic solvents. Substitution reaction on Pcs have not been very successful and, consequently, any
substituents are introduced at the precursor stage. Many common aromatic substitution reactions
such as nucleophilic aromatic substitution, Friedel-Crafts alkylations, Grignard cross coupling,
and Williamson ether synthesis have been employed for this purpose.

Pawlowski and Hanack developed one of the first approaches in which they introduce alkoxymethyl side-chains to the aromatic ring prior to the cyanation .13 1,2-Dimethylbenzene was ringbrominated with bromine, followed by an a-bromination with NBS. Alkoxides were then used to
substitute the bromine in a-position and introduce the side-chain ether (Scheme 5).

A common starting material for the preparation of octa-alkoxyphthalocyanines is catechol,
which is alkylated with an alkyl halide as the first step, followed by dibromination or diiodination,
and cyanation to give the 3,4-dialkoxy phthalodinitrile precursor (Scheme 6).14
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,C H 3

C H 2Br

Brv
Br->

'C H 3

NBS

B r'
RO‘

X H 2O R

X H 2O R

Brv
CuCN, DMF

'C H 2O R

B r'

^

'C H 2O R

Scheme 5Introduction o f alkoxy chains to the a-position o f 1,2-dimehylbenzene derivatives

,OH
RX, base

'OH
CuCN/DM F

Scheme 6

A common synthetic pathway to octa-alkoxyphthalocyanines

Octa-alkylphthalocyanines were first described by Cuellar and Marks15 who started with a Grignard substitution of 1,2-dichlorobenzene with alkylmagnesiumbromide. The ortho-dialkoxybenzene was subsequently ring brominated with bromine and converted to the phthalonitrile
derivative by cyanation reaction with copper cyanide in DMF (Scheme 7).

14
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Scheme 7

---------

A pathway for synthesis o f octa-alkylphthalocyaine

In this thesis we will present a new modular approach that has the 4,5-dicyanocatechol (22) as
precursor. Preparation of 4,5-dicyanocatechol (22) and its alkylation are described in the discus
sion and experimental parts.

b) Synthesis ofTetraazaporphyrins

Tetraazaporphyrins (TAPs) are porphyrins that have four nitrogen atoms at the meso positions
or phthalocyanines without the annulated benzene rings. Their optical and electronic properties
are similar to those of phthalocyanines while their aggregation properties are similar to por
phyrins (Figure 10). Thus, the former property is dominated by these meso-nitrogens and the
latter by the size of the 7r-electron system.

15
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R

R

R

R

R
tetraazap o rp h y rin

Figure 10

porphyrin

R

P h th alo cy an in e

Structure o f phthalocyanine and tetraazaporphyrin

TAPs are synthesized 16’17 via maleodinitriles in an adaptation of the preparation of phthalocya
nines via phthalodinitriles. A surprising finding was that maleodinitriles generated TAPs only
when treated with magnesium w-propoxide in w-propanol.17 Many other alcohols, including iso
propanol, and metal cations have been tried unsuccessfully. Metal-free TAPs are obtained by re
moval of the magnesium(II) in acidic medium. The metal-free TAPs can then be readily con
verted into a variety of metal complexes by exposing them to a metal salt solution (Scheme 8).18
Metallation and the type of metal have a strong impact on the liquid crystalline properties of
TAPs,8 while the mesomorphism o f Pcs is little affected.

Metal-free and metallated TAPs and Pcs are easily distinguished by their UV/VIS spectra. The
metal-free macrocycles show 4 Q-bands (long wavelength absorptions between 600 nm and 800
nm) whereas the metallated macrocycles show only 2 Q-bands because of their higher symmetry
(Dh4 versus Dh2). Both processes can be easily monitored by UV/VIS spectroscopy.19
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R ^n
R

R
magnesium, n-propanol, heating

p

acetic acid, boiling
or 15%HC1

metal-free TAP
R = H, Ph, alkyl, alkoxy, alkylthio, alkylamino, CN, COOH, NO:

Scheme 8

Syntheses o f metallated and metal-free tetraazaporphyrins

Only few TAPs containing additional functional groups have been reported so far. One example
is octahydroxyalkylthio-substituted TAPs and their esters (Scheme 9 ).20 The key intermediate is
the dicyanoethene dithiolate, which was obtained by treating carbon disulfide with sodium cya
nide in DMF. Dicyanoethene dithiolate was alkylated with a bromoalcohol and then the product
was heated at reflux with magnesium propoxide/propanol to give the octa-hydroxy TAP deriva
tives. Octaesterification of the hydroxygroups with cinnamic acid gave the 2,3,7,8,12,13,17,18octakis[(4-methoxycinnamoyl)oxyalkylthio]tetraazaporphyrins. None o f these derivatives exhib
ited liquid crystalline phases but the octa-hydroxy TAP was chosen as a versatile precursor
molecule in this thesis .20
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2,3,7,8,12,13,17,18-octakis[(4-m ethoxycinnamoyl)oxyalkylthio]tetraazaporphyrins

Scheme 9

Syntheses o f octaalkylthio-tetraazaporphyrins and their derivatives20

1. 1 . 6 .

A pplications o f discotic liquid crystals

Columnar phases o f discotic liquid crystals show high charge carrier mobility along the 7T-ir
stacks, which suggests the potential application as 1-dimensional semi-conductors and photo
conductors in devices such as field effect transistors, organic light emitting diodes, and photo
voltaic cells. Their advantage over polymeric semi-conductors are their self-organizing properties

18
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which allows for the preparation of nanostructured materials of macroscopic persistence. Several
patents have been filed by European and Japanese companies but no commercial product is yet on
the market. Thin films of polymeric nematic discotic liquid crystals have been developed and
successfully marketed by the Fuji laboratories as optical coatings for LCDs .21

19
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1.2.

Objective of this Thesis and Proposed Approach
1.2.1.

O bjective o f this thesis

The objective o f this thesis was to synthesize new polyionic discotic liquid crystals. Ionic
groups, in contrast to the known chromonic liquid crystals, will be attached to the discotic cores
via flexible aliphatic spacer chains. This simple design change should give rise to very different
properties when compared to chromonic and conventional thermotropic discotic liquid crystals.

The self-organizing properties of these polyionic discotic liquid crystals will depend on a com
plex set of intermolecular interactions that include

7T-7T

stacking between the cores, van der Waals

interactions between the side-chains, and coulomb interactions between the charged end-groups.
Varying the strength of all these interactions should allow us to probe the importance of each in
teraction. A modular synthetic approach was therefore chosen that would allow us to vary each
particular interaction by simple structural changes. This is explained in detail in the next section.

The investigation of self-assembling and self-organizing properties o f these new materials will
give new insides into intermolecular (supramolecular) interactions, which is of general scientific
importance. A possible application of these materials might be their electrostatic layer-by-layer
deposition on charged substrates. This technique was recently developed for polyelectrolytes and
has many advantages over traditional coating methods such as spin-coating and LangmuirBlodgett films .22'24

Many researchers have investigated layer-by-layer self-assembly techniques, but most of them
focused on ionic polymers. The biggest drawback is that no true molecular interface is generated
between the individual layers Because of the random structure of the polymer chains. Polyionic
discotic liquid crystals described here might combine the electrostatic interactions with self
organizing properties. A schematic picture of the electrostatic self-assembly of oppositely charged

20
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polyionic discotic liquid crystals is given in Figure 11. A successful electrostatic layer-by-layer
deposition o f these compounds would generate truly nano-structured and robust films that would
be of great interest for applications in organic electronics and photonics. However, there might be
many other applications waiting for us to explore.

Figure 11

Electrostatic Self-assem bly o f Discotic Liquid Crystal (taken from Holger Eichhom )

1.2.2.

The proposed approach

The reasoning behind the chosen molecular target structures is described in the following and
subdivided in three parts: a) The discotic core; b) The aliphatic spacer; c) The ionic end-groups.
Examples o f Pc and TAP molecules targeted in this thesis are given in Figure 12.

a) The chosen discotic cores

Phthalocyanine and tetraazaporphyrin were chosen as core structure because o f their high sta
bility, extraordinary optical and electronic properties, as well as their high tt-tt stacking forces. In
addition, many phthalocyanine and tetraazaporphyrin derivatives display discotic columnar
mesophases and their synthesis is well established.25
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The structure o f peripherally substituted Pc target structures

The important difference between Pcs and TAPs is the strength of their tt-tt interaction. TAPs
show much weaker 7T-7Tinteractions because of their smaller Tr-electron system. Their mesomorphism is strongly affected by the metallation and the type of complexed metal ion, in contrast to
Pcs. Most metal-free TAPs are not mesomorph and mesomorphism over wide temperature ranges
is introduced when the m acrocycle is com plexed w ith ions such as C u(II), N i(II), and Pt(II ) . 19' 26

We, therefore, expect to cover a wide range of ir-ir interaction forces by using these two other
wise very similar core structures and their different metal complexes.
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b) Peripheral substitution

Pcs and TAPs without peripheral substituents form almost insoluble crystalline solids due to
their 7r-7r interactions. Their melting temperatures are usually above 500 °C, their decomposition
temperature. The attachment of alkyl chains to the periphery of the macrocycle weakens the
strong 7r-7r interactions and can reduce the melting temperatures to well below 100 °C .27 Low
melting temperatures and the microphase segregation o f aliphatic side-chains and aromatic cores
are also key properties for the formation of columnar mesophases.

We chose an octa-substitution pattern, as we wanted to attach at least eight charged groups per
molecule. In addition, this symmetric octa-substitution is synthetically straightforward. Aliphatic
spacer chains of different length were the attached to achieve a different degree o f motional de
coupling between the charged end-groups and the ir-ir stacking cores. Different chain-lengths also
change the charge density per molecule, which is another important property that influences their
electrostatic interactions.

c) The ionic groups

The electrostatic deposition properties of polyelectrolytes have been shown to crucially depend
on the type and number o f charged groups.28,29 Weak acids and bases have the advantage of being
sensitive to the pH of the solution so that the statistical number o f charged groups per mole
cule/polymer varies with changing pH. We therefore chose the weak carboxylic acid and the weak
base amine as chargeable end-groups.

23
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

2.

Results and Discussion

Note: For consistency, all compounds in this thesis were numbered according to the re
cords in my lab-books.

Ionic Pcs and TAPs can be prepared by two principally different routes in which the ionic
groups are introduced either at the precursor stage or after the formation o f the macrocycle. Both
carboxylic acid and amine end-groups interfere with the formation of the macrocycles and need to
be protected if introduced into the precursor before cyclization. Thus, the advantage for the intro
duction of the acid and amine groups into the preformed macrocycle is the avoidance of
complications during the cyclic tetramerizations to the macrocycles. The difficulty of the ap
proach, however, is the quantitative conversion of eight functional groups of each macrocycle,
such as hydroxyl, as mixtures of octa and incompletely converted macrocycles would be difficult
to separate by chromatography. This problem is avoided if the precursor already contains the pro
tected carboxylic acid or amine, as long as the deprotection is quantitative.

Both approaches were test for the preparation of the octa-acid and -amine Pcs. Previously re
ported octa-hydroxyalkyloxy Pcs were chosen as precursor that could be converted to the octaacids and -amines by esterification with cyclic anhydrides and amino protected amino acids. Un
fortunately, the preparation o f octa-hydroxyalkyloxy Pcs, though following a literature procedure,
was tedious and low yielding in contrast to what was stated in the paper.14 We discontinued this
approach and developed a new synthetic strategy in which the acid and amine groups were al
ready introduced at the precursor stage. The problem here was to find protecting groups for the
acid and amine functions that are stable to the tetramerization conditions but can be easily re
moved afterwards. All different pathways to the octa-acid and -amine Pcs that were developed in
this thesis are discussed in the following section 2 . 1.
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Octa-acid and -amine TAPs were attempted to be prepared only by octa-esterification of the
octa-hydroxyalkoxy TAPs because they were already synthesized by Dr. Eichhom .20 He could
also show that octa-esterification of the hydroxyl groups is feasible. In this thesis, octaesterification was attempted with maleic anhydride and N-Boc protected glycine. Part 2.2 covers
the syntheses of the TAP derivatives.
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2 .1 .

Synthesis of octa-carboxylic a d d Pcs (Pc-C„-COOH) and octa-amine Pcs (Pc-Cn-

NH2)

4,5-Disubstituted phthalodinitriles (also called 1,2-dicyanobenzene, or orthodicyanobenzene)
were chosen as the common precursor for all synthetic approaches to Pcs as they can be readily
prepared and cyclotetramerized to the corresponding Pcs under a number of different conditions
(see Scheme 2).

The preparation of 4,5-di(hydroxyalkoxy)phthalodinitriles (3) is described and discussed in part
0, followed by the syntheses of 4,5-dicyanocatechol (22) in part 2.1.2 and carboxylic acid and
amine terminated alkyl spacers and their alkylation in part 2.1.3 and 2.1.4. The preparation of the
corresponding Pcs is discussed in part 2.1.5.

2 . 1. 1 .

Preparation o f 4,5-di(hydroxyalkoxy)phthalodinitriles (3)

Scheme 10 shows the proposed a 5-step synthetic approach to the target Pcs, Pc-C„-NH 2 or PcC„-COOH. The octa-hydroxyl Pc is a known compound14 and we followed the literature proce
dure that starts with catechol, which is commercially available. Catechol was easily alkylated
with 11-bromoundecanol to give the l, 2 -bis(ll-hydroxyundecyloxy)benzene ( 1) and purified
with column chromatography on silica gel with EtOAc as eluent to give 73% yield.
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V

succinic acid
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DIPEA, DMF,
50 °C

0(CH2)n0H

HO(CH2)nO

0(C H 2)n0H

HO(CH2)nO-

Pc-Cn-OH
0(C H 2)n0H
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\DMB,

NCN ^ N ^ 0(CH2)n0H
0(CH2)nOH

Scheme 10

K2C 0 3

1X B r . ^ , 0 ( C H 2)n0H

DCM>0
°C
_ ^ ^ / 0 ( C H 2)n0 H

d(C H 2)nOH

^ ^O tC H ^n O H

CH3CN,
io o °C

Proposed synthetic Scheme o f Pc-C „-C O O H and Pc-C„-N H 2 14
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"OH
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.OCHH 22OH

Br2, CHCI3
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CuCN

OCHH 22OH

1,3-D irrtejthyl-2<3-dihydro-2
z o lo n e

or CuCN, pyridine, reflux

Scheme 11

NC

OCHH 22OH

Synthesis o f 1,2-dicyano-4,5-bis( 11 -benzyloxyundecyloxy)benzene (3)

H22Br

"OCuH^OH
HMPA, H20

2a

120 °C, 62%

"OCnH^OH

OC^H^Br

OCj -j H ?2B r

Scheme 12

Conversion o f l,2-dibrom o-4-(l l-hydroxyundecyloxy)-5-(l 1-brom oundecyloxy)benzene (2a) and 1,2-

dibrom o-4,5-bis(l l-brom oundecyloxy)benzene (2b) to l,2-dibrom o-4,5-bis(l 1-hydroxyundecyloxy)benzene (2)
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Compound 1 was then brominated to 2 which unexpectedly resulted in the formation of 1,2-dibromo-4-(ll-bromoundecyloxy)-5-(ll-hydroxyundecyloxy)benzene (2a) and l,2-dibromo-4,5bis(ll-bromoundecyloxy)benzene (2b) as side-products. The HBr that was generated in the electrophilic bromination of the benzene ring was apparently reactive enough to convert OH to Br un
der the given reaction conditions.

Compound 2a and 2b could be separated from 2 by column chromatography but we were also
able to convert the bromine groups back to hydroxyl groups by using hexamethylphosphoramide
(HMPA) as solvent and water as the nucleophile .30 The complete conversion of Br to OH needed
two or more days, which might be caused by the long alkyl chains that are known for slowing
down Sn2 reactions.

The cyanation of 2 was attempted under the standard conditions of using CuCN in
DMF/pyridine and reflux temperature. Nevertheless, we were not able to obtain pure compound 3.
We concluded that the presence of OH groups must interfere with the reaction since the cyanation
of dibromobenzene derivatives that do not contain hydroxyl groups gives fair yields (see discus
sion under 2.1.2). Therefore, we protected 2 with DHP and benzyl chloride, two common protect
ing groups for OH ,31,32 before we attempted the cyanation. THP was not stable to the reaction
conditions of the cyanation and the hydroxyl groups were released quickly but the benzyl ether
groups were stable enough to give the desired product 16 (Scheme 13). The cyanation of 15 was
stopped after 36 hours, as prolonged reaction times did not increase the yields of 16 due to po
lymerization o f the formed dicyanobenzene derivatives. Separation o f the dicyano and
monocyano benzene derivatives by column chromatography on silica gel was difficult and only a
mixture of 80% dicyano and 20% monocyano derivatives was obtained after one run. Thus, sev
eral runs were needed to fully separate the mixture.
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At this point, we decided that this approach was too tedious and focused our efforts on the ap
proach described in the next part 2.1.2. The decision was also fueled by the problems we had with
the esterification of octa-hydroxyalkoxy TAPs, which were investigated parallelly.

OH

Br

'0(CH2)u 0H

DHP, CH2C12

KOH power

97%

- 140 °C 72%

Br

Br\ ^ ^ / 0 ( C H 2)11OTHP

iOBn
15

OfCHzlnOTHP

0 (C H 2)n O B n

CuCN, DMF

reflux
37%

CuCN, DMJ
reflux

iOBn

NC

NC

tOTHP
3-2

16

'OtCHzlnOBn

Scheme 13

'0 ( C H 2)110 T H P

Synthesis o f l,2-dibrom o-4,5-bis(ll-benzyloxyundecyloxy)benzene (16) and l,2-dibrom o-4,5-bis[l 1-

(tetrahydropyran-2-yloxy)undecyloxy]benzene (3-2)

2 . 1. 2 .

Syntheses o f 4,5-dicyanocatechol (22)

Our proposed new synthetic approach is shown in Scheme 14. The side-chains containing the
protected amine and carboxylic acid end-groups are introduced after the cyanation step, as this
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has been proven to be the lowest yielding and the most difficult step. The use of dicyanocatechol
(22 ) as common intermediate also functions as modular approach and reduces the overall number
of steps needed for the preparation o f the different Pc derivatives.
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R'HN(H2C)n O
R'HN(H2C)n O

N
"

ROOC(H2C)n O ^ W
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'n - '

n

W ^ O ( C H 2)nCOOR

ROOC(H2C)n O
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OH

OP

0°C

reflux

P = CH 3, Bn;

BnCl
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50 °C
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Synthetic approach to Pc-C „-C O O H and Pc-C „-N H 2 via 4,5-dicyanocatechol (22)
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OH

One group had reported the synthesis o f dicyanocatechol (22) when we started the project and
they reported unsuccessful alkylation attempts with 2-(2-chloroethoxy)ethanol.33 It was not sur
prising that the nucleophilic substitution of chloride with dicyanophenolate was difficult, as it
possesses high acidity and low nucleophilicity, which is caused by the electron-withdrawing ef
fect of the cyano-groups.

Duck-Hee and Kim 34 reported the successful alkylation of the similarly acidic dinitrocatechol
with alkyl bromides in the presence of Cs2C 0 3. Cs cations are known for their high “solubility” in
solvents such as DMF and turn even carboxylic acids into useful nucleophiles. We successfully
applied the reported conditions (CS2CO3, DMF, 100 °C, 4 to 6 hours) to the test alkylation of di
cyanocatechol (22 ) with 1-bromohexane.

CuCN

Boron cated?Dkbromid£<ifCM, rt, 6 h
or Boron trircornichv-78 °C
NC

OH

22

Scheme 15

Synthetic o f 1,2-dicyano-4,5-dimethoxybenzene (18)

The efficient synthesis of dicyanocatechol (22) emerged to be the bigger step. Our first attempt
to synthesize 22 started with the straightforward bromination o f the commercially available veratrol and subsequent cyanation with CuCN (Scheme 15). However, the cleavage of the methoxy
groups to the dicyanocatechol (22) was problematic. Catechol boron bromide is a mild reagent35
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that was known not to attack the cyano-groups and also gave a smooth cleavage of both methoxy
groups in our case. The separation of the dicyanocatechol (22) from the catechol side-product was
the problematic step. Extractions at different pH values, for example with aqueous NaHC0 3 solu
tion, were not successful even though the difference in pKAo f both catechols should be sufficient.
No chromatographic separation was observed on silica gel and RP-18.

We then tried the more aggressive boron tribromide, which should not generate any difficult to
remove side-products. Treatment with BBr3, not unexpectedly, resulted in the decomposition of
all nitrile groups and a complex product mixture was obtained that was not further characterized.

Many other reagents that cleave methoxy groups, such as thiolates, could have been tested but
we decided to change the protective group to benzyl (Scheme 15). The benzyl group was found to
be stable to the cyanation conditions and could be removed under mild conditions by hydrogena
tion catalyzed by Pd/C. The benzyl protected catechol 7 was prepared in good yields following a
literature procedure36 and subsequently brominated with W-bromosuccinimide (shown in Scheme
16).

8

7

NC

.OBn

.OH

NC

OH

5% Pd/C, H2

CuCN
DMF, reflux,
32%

82%
NC

OBn

21

Scheme 16

NC

22

Synthesis o f 4,5-dicyanocatechol (22)
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Bromination with Br2 in DCM was not successful as the generated HBr partially cleaved off the
benzyl groups to give complex product mixtures. We then followed a procedure published by
Carrene and Ruano37,38 in which they could show that N-bromosuccinimide (NBS) gives regioselective ring bromination of several methoxybenzene derivatives and naphthalene when conducted
in acetonitrile. Solvents such as CC14give benzylic bromination due to a free radical mechanism.
Bromination o f 1,2-bis(benzyloxy)benzene with NBS in acetonitrile gave the l,2-dibromo-4,5bis(benzyloxy)benzene 8 in excellent yield (94%).

Cyanation reactions were employed many times in this project. Complete monocyanation was
generally achieved after 4-6 hours, which was monitored by TLC. Complete dicyanation, how
ever, needed prolonged reaction times of several days. Longer reaction times, unfortunately,
resulted in polymerization (brown solids) and cyclotetramerization (blue Cu-Pc) o f the dicyano
derivatives so that the yields o f isolated dicyano-derivatives decreased.

CuCN

---------►

+
Cu

—
+

C u(CN)2

C ^B
r-c:
,Cu
NC \

\ /

-CN

\ /

'"C N

-B r---C u

CuBr, CuCN

Scheme 17

A suggested m echanism o f the cyanation reaction31
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The mechanism o f the cyanation reaction is not fully understood but it is assumed that CuCN is
not the active species. CuCN disproportionates to Cu+ and Cu(CN)2_ in solvents such as DMF.
Cu+ is believed to activate the halobenzene by coordinating to the halide or the 7r-system and
Cu(CN)2~ functions as the nucleophilic species (Schem e 17).39 The second cyanation that is or
tho to the introduced cyano group should be faster, as the CN group should activate the ortho
halide for a nucleophilic substitution. An explanation for the much slower second cyanation might
be the formation of an additional dative bond between the CN group and Cu+, which would not
activate the halobenzene.

Cyanation of 8 was stopped after less than 24 h to reduce the amount o f polymer side-product.
Compound 21 was isolated in 23% yield and the mono-cyano derivative in 28% yield. Isolation
and purification involved bubbling with air overnight to oxidize Cu(I) to Cu(II), extraction with
DCM/EtOAc, and extensive extraction of the organic layer with ammonium hydroxide solution
and water to remove copper salts and DMF. The mono-cyano derivative was first removed by
column chromatography on silica gel with toluene and 21 was obtained as second fraction with
toluene/DCM (1/1), while the polymeric side-product and the Pc remained on the column.

Highest published yields for the ortho-dicyanation with CuCN (Rosenmund von Braun reaction)
in DMF, DMF/pyridine, or NMP are about 70% and the workup is always tedious. We, therefore,
decided not to search for small improvements of the traditional reaction conditions but tried rather
different conditions. Wu and Ren40 investigated some room temperature ionic liquids for the
Rosenmund von Braun reaction of aryl halides, and claimed that 1-w-butyl-3 -methylimidazolium
halide salts (bmiX) were effective reusable reaction media for this kind of reaction. Due to the
limited solubility of these ionic liquids in organic solvents such as hexane, ethyl acetate and tolu
ene, isolation of products can be achieved via a simple extraction protocol. Mono-cyanation was
achieved in better than 90% yields but no ortho-dihalides were studied.
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Therefore, we wanted to test their conditions for the conversion o f 8 to 21. A mixture o f CuCN
(4 mmol) and 8 (1 mmol) in 1 mL of 1-w-butyl-3-methylimidazolium bromide (bmiBr) was
stirred at temperatures between 90°C and 150°C in a sealed heavy duty vial for 24 h or more. The
reaction was first conducted at 90°C over night and the starting material was recovered quantita
tively by Soxhlet extraction with toluene. This finding might be explained with the high viscosity
of bmiBr at 90°C and the obviously low solubility of CuCN, which appeared to be suspended
rather than dissolved. A gradual increase in reaction temperature determined 135°C as the mini
mum reaction temperature at which the first monocyano derivative was observed by TLC but no
dicyano derivative after 24 h. A further increase in temperature to 140°C and 150°C resulted in the
predominant formation of decomposition products and polymers. At this point, we decided not to
extend our investigations and test other ionic liquids, but rather to proceed with the low yielding
but working cyanation in DMF.

The removal o f the benzyl group of 21 was achieved by a Pd/C catalyzed hydrogenation and
yielded 22 in excellent yields of 80% to 90% after purification. The following alkylation of 22
with alkylbromides in the presence of Cs2C 0 3 was straightforward (Scheme 18) and the prepara
tions of the required functionalized alkylbromides are described in the following part.

CN

-OH
22

Br(CH2)nCOOR

ligend 1

Br(CH2)nNHR'

Cs2C03

y

,

ligend 2

DMF, 100°C
ROOCn(H2C)0.

,0(CH2)nNHR'

ROOCn(H2C )0

CN

R = CH3 , Bn

Scheme 18

0(CH2)nNHR'
R = Boc, Pht

Synthesis o f Pc precursors via 4,5-dicyanocatechol (22)
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2.1.3.

Preparation o f Br(CH2)nC 0 0 R (carboxylic acid ester terminated alkyl spacer)
and corresponding P c precursors

Both the carboxylic acid and the amine end groups must be protected as they interfere with the
alkylation o f 22 and the tetramerization to the Pcs. The protective groups must be stable to
Cs2C 0 3 in DMF at 100°C and lithium pentanolate in pentanol at 135 °C. They must also be easily
and quantitatively removable at conditions that do not decompose the Pc core. A cleavage of the
protective group under the more severe cyclotetramerization conditions might in fact be an ad
vantage if it does not interfere with the formation of the Pc.

There are several commercially available bromoalkanoic acids employed in this project, such as
bromoacetic acid, bromopropanoic acid, bromobutanoic acid, bromohexanoic acid and bromoundecanoic aicd. We first tried triisopropylsilyl as the protective group because it is easily
removed41 and is somewhat stable to basic conditions.

Br(CH2)5COOH

TIPSC1, imidazole, THF

TIPSOOC(CH2)5Br

rt, 64%
24

26

'0(C H 2)5C 0 0 T IP S

Scheme 19

Synthesis o f Br(CH 2) 5 COOTIPS

6-Bromohexanoic acid was protected with triisopropylsilyl chloride (TIPSC1, yield: 64%), and

subsequently reacted with 22 (Scheme 19). 'H NMR o f the product mixture in DMSO-d6 showed
broad peaks of the free acid and the phenol at 11.98 ppm and 10.97 ppm, respectively, as well as
several aromatic peaks. In conclusion, only partial alkylation was obtained and the TIPS groups
were partially cleaved off.
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Scheme 20

0 (C H 2)nC 0 0 C H 3

Synthesis o f 1,2-dicyano-4,5-bis(carbonylalkyloxy)benzene (3 0 ,5 4 ,5 7 ,6 4 )

Simple methylesters were tried as the next protective group and esterification of the acids
[Br(CH2)nCOOH, n = 1, 3, 5, 10] was achieved in methanol and a catalytic amount of H 2S 0 4 at
reflux for about 50 min. The work up only involved simple extraction with ether from water to
give a NMR pure product in 38% to 75% yield (Scheme 20). Alkylation of 22 with bromoalkyl
methylesters (n = 3, 5, 10) gave NMR pure products in excellent yields (82% - 92%). The ‘H and
13C NMR spectra o f 64 are shown in Figure 13 and Figure 14.

The IR (Figure 15) o f compound 57 (n = 10) was unusual as it showed two carbonyl peaks, the
typical at 1743 cm "1 and an additional at 1719 cm"1. 'H-NMR (Figure 16) and MS, however,
agreed with the proposed structure and 13C NMR (Figure 17) has only one additional peak at
202.7 ppm of unknown origin.

No alkylation o f 22 was obtained with bromopropionic acid methylester (n = 2). This is likely
due to the competing HBr elimination this compound can undergo. However, we did not investi
gate whether acrylic acid methyl ester was generated during the course o f the reaction.
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Figure 13

l3C N M R of 1,2-dicyano-4,5-bis(3-methoxycarbonylbutyloxy)benzene (64)
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Figure 14

1H NM R o f 1,2-dicyano-4,5-bis(3-methoxycarbonylbutyloxy)benzene (64)
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Figure 15

IR o f 1,2-dicyano-4,5-bis(3-methoxycarbonyldecyloxy)benzene (57)
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'H N M R o f 1,2-dicyano-4,5-bis(3-methoxycarbonyldecyloxy)benzene (57)
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Figure 17

l3C NMR of 1,2-dicyano-4,5-bis(3-methoxycarbonyldecyloxy)benzene (57)
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2.1.4.

Preparation o f Br(C H 2) nNHR (amide terminated alkyl spacer) and the corre
sponding P c precursors

a) Preparation o f Br(CH2)„NHBoc (48, 51, 70)

We found the Mitsunobu-type conversion of an alcohol to an azide followed by a 1-step
conversion of the azide to the Boc-protected amine to be the most convenient and straightforward
method for the preparation of Boc-protected bromomalkylamines. As shown in Schem e 21, 11Bromoundecanol was treated with diphenylphosphoryl azide (DPPA) in the presence of DEAD
and PPh3 in THF at 0 °C42,43 to give compound 69. The Br group, a necessary functionality for
the alkylation of dicyanocatechol, remained unchanged. Compound 69 was subsequently con
verted to 70 by a Pd/C catalyzed hydrogenation in the presence of Boc-anhydride.

PPh3, DEAD, DPPA
Br(CH2)nO H

--------------------- ►

(Boc)20 , H2, 5% Pd/C
Br(CH2)n N 3

----------- ------- ►

THF, 0 °C, 71%
69

Scheme 21

B rfC I-y^N H B oc

89%
70

Synthesis o f Br(CH2)ioNHBoc (70)

The Mitsunobu Reaction44 (Scheme 22) occurs under neutral reaction conditions and at ambient
temperatures (0°C to room temperature). These mild conditions ensure that a variety o f functional
groups can be accommodated and the only important requirement is a sufficient acidity of the nu
cleophile. It must be acidic enough to be deprotonated by the betaine intermediate which has a
pKa of 13. Scheme 22 shows the mechanism of the Mitsunobu reaction when a carboxylic acid is
used as nucleophile but many other nucleophiles such as acidic alcohols and amines, azides,
thiols, amides, sulfonamides, and imides have been used .44
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The general M echanism o f Mitsunobu reaction44

We did not use HN 3 as azido source for the substitution of the hydroxyl group but the more eas
ily to be handled diphenyloxyphosphinone azide (DPPA). The azide o f DPPA is substituted by the
alcohol to generate HN 3 in situ which then protonates the betaine. A brief mechanism is shown in
Scheme 23.

PPh3, DEAD, THF

O

R

Scheme 23

N3

M echanism o f azidation reaction with DPPA — a Mitsunobu reaction44

A “one-pot” transformation of the azido-group to the A-(t-butoxycarbonyl)amino group45 was
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employed as final step. A mixture of azide derivative and (Boc)20 in EtOAc was added to a vig
orously stirred and hydrogen saturated suspension o f Pd/C in EtOAc (Schem e 21). The reaction
was conducted in a gas absorption bottle, as it was important to pre-saturate the Pd/C suspension
in EtOAc with hydrogen before adding the azide. Use of a non-saturated suspension results in the
formation of side products probably due to dehydrogenation of the amine, as palladium on carbon
also acts as a dehydrogenation catalyst for the conversion of amines to nitriles.

The addition sequence is also critical; azide derivative and (Boc)20 have to be added at the
same time to prevent the formation of non-protected amine. Thus, a solution o f (Boc)20 and bromoalkylazide in ethyl acetate is added into the previously described Pd/C suspension instead of
being added individually.

Boc was chosen as protective group for the amine because it is stable under a variety of reaction
conditions due to its bulkiness including basic conditions. It is typically cleaved under acid condi
tions or simply thermally at a temperature above 200 °C. Therefore, the Boc group should
withstand the alkylation and Pc formation steps and the Pc is expected to tolerate the conditions
needed for the final cleavage o f the Boc group.

Before we found the previously described approach, we tested other approaches to RN3>which
will be briefly described in the following. The first approach involved the nucleophlic azide sub
stitution of the bromine of a bromoalkyl alcohol. This was accomplished with sodium azide in
HMPA/DMF.46 The reaction worked well with HMPA/DMF in 1:1 (see 3.3.10 on page 100), but
not with less HMPA. This is a disadvantage since HMPA is a very hazardous and expensive sol
vent. The azide was converted to the Boc-protected amine as described before and, subsequently,
the hydroxyl group was converted to a tosylate for the alkylation of 22. This alkylation, however,
was not successful probably because of the low thermal stability of the tosylate group and a nec
essary reaction temperature above 40 °C.
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Approach 1: N aN 3, HMPA/DMF

RBr

—

------------------------------------------------------------ RN3

Approach 2: NaN3, toluene, TBAB or TBAC

RBr = dibromoalkane, bromoalcohol

Scheme 24

Tested azidations w ith sodium azide

To avoid the tosyl group we chose dibromoalkanes as starting materials, which were statisti
cally mono-substituted by sodium azide (Scheme 24). The nucleophilic substitution was
conducted in toluene with a phase transfer agent to avoid DMAP. Varma and Naicker47 investi
gated tetrabutylammonium bromide (TBAB) as a phase transfer catalyst, which worked well for
the synthesis o f benzyl azides and allyl azides. We successfully applied this methodology to the
formation of alkyl azides despite the activity differences between allyl and alkyl bromides. Both
TBAB and TBAC (tetrabutylammonium chloride) worked equally well as phase transfer catalysts
for the conversions o f 1,3-dibromopropane and 1,6-dibromohexane to 47 and 50 respectively
(Scheme 25).

The reactions, however, required more than 5 days to reach a high conversion rate. This was in
depended of whether sodium azide was added as solid or as aqueous solution. In addition, the
product mixtures of mono-azides and di-azides were difficult to separated because of their sur
prisingly similar physical properties, which was particularly true for the C 3 chain. Therefore, the
product mixture solutions were only washed with water to remove inorganic salts and phase
transfer agent, and dryed over MgS04 ., and then converted to the Boc-protected amines as de
scribed before. The product mixtures of 48 and 48-di as well as 51 and 51-di could be separated
by column chromatography (Schem e 25).

47
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

NaN3,

Br(CH2)nBr

n = 3,
n = 6,

47
50

N3(CH2)nN3

n = 3,
n = 6,

47-di
50-di

Br(CH2)nNHBoc

n = 3,
n = 6,

48
51

n = 3,
n = 6,

4 8 -di
51-di

N3(CH2)nBr

TBAC or TBAB

+

Toluene or
Toluene/water
reflux

methyl acetate
+

5% Pd\C / H,
B o c H N ( C H jnNHBoc

Scheme 25

Synthesis o f Br(CH2)nNHBoc (48, 51)

b) Synthesis o f Br(CH2)„NPht (43) and corresponding Pc precursor (44)

Phthalimide was also investigated as precursor for the formation of primary amines. Nucleo
philic substitution of an alkyl bromide with potassium phthalimide is followed by the cleavage of
the phthalimide with hydrazine to give the free primary amine .48 The phthalimide group was ex
pected to be stable to the basic alkylation and cyclization conditions.

1,3-dibromopropane was reacted with 1.2 equivalent of sodium phthalimide to give N-(3bromopropyl)phthalimide (43) in 40% yield and the easily removed disubstituted side-product in
21%

yield.

Subsequent

alkylation

of

22

with

43

gave

l,2-dicyano-4,5-bis(iV-3-

phthalimidepropyloxy)benzene (44) in 62% yield (Scheme 26).

Tetracyclization o f 44 in the presence of lithium «-pentanolate in w-pentanol did not result in
any Pc formation, possibly because the phthalimide can react with the intermediates of the tetra
cyclization (Figure 22 and Scheme 3). No other cyclization conditions were tested because of this
assumption.
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potassium phthalimide
Br(CH2)3Br

N(CH2)3Br
DMF, 40%

43

22

C s2C 0 3, DMF,
1 0 0 °C , 62%

,0 (C H 2)3NPht
n-pentanol, Li
P c-C 3-N Pht
reflux
"0 (C H 2)3NPht

44

Scheme 26

Phthalim ide approach to make amine ligand (43) and Pc precursor (44)

NR

OR
intermediate o f tetracyclization

Figure 18

alkyl phthalim ide

The structures o f intermediate o f tetracyclization and alkyl-phthalimide
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c) Synthesis o f P c Precursors --l,2-dicyano-4,5-bis(N -Boc-am inoalkyloxy)benzene
(52. 71)

The ligands (Br(CH 2)nNHBoc) obtained via the different methods were alkylated with 4,5dicyanocatechol (22) as indicated in Scheme 27. Both reaction and purification o f the products
were straightforward, especially if the very pure ligands obtained from the Mitsunobu approach
(Scheme 21).

The 13C NMR of l,2-dicyano-4,5-bis(Af-6-te/7-butoxycarbonylaminohexyloxy)benzene (52) and
'H NMR o f l,2-dicyano-4,5-bis(Af-6-fe/7-butoxycarbonylaminoundecyloxy)benzene (71) are
shown in Figure 19 and Figure 20 .

N C.

OH

NC

0 (C H 2)nNHBoc

NC

0 (C H ,)nNHBoc

Br(CH2)„NHBoc

.,

CS2CO3

.

NC

OH

DMF, 100°C

n=6
n = 11

2 2

Scheme 27

52
71

64%
84%

Synthesis o f l,2-dicyano-4,5-bis(iV-6-tert-butoxycarbonylaminoalkyloxy)benzene (5 2 ,7 1 )
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2 . 1. 5 .

Synthesis o f Phthalocyanines

Many methods are available for the synthesis of phthalocyanine derivatives as shown in
Schem e 2. In this thesis, the lithium pentanolate/pentanol method was employed for the prepara
tion of the carboxylic acid containing Pcs while quinoline/octanol with anhydrous NiCl2 as
template was used for the amine containing Pcs.

a) Preparation o f Pc-C„-COOH with lithium n-pentanolate

Five equivalents of lithium metal were added to a refluxing solution of the 4,5-dicyanoderivative in n-pentanol. The solution turned blue after 5 to 10 min indicating the formation o f Pc
and was heated at reflux for another 20 hours to ensure a complete conversion of the dinitriles.
Acetic acid was added to the dilithiated Pc solution to give the metal-free Pc. Surprisingly, the re
sultant dark blue product was soluble in water but insoluble in acetone, which indicated the
hydrolysis o f the methyl ester. This finding was verified by IR (acid bands at 3700 to 2500 cm' 1
and 1710.27 cm'1, Figure 21). In addition, MS measurements confirmed a complete hydrolysis of
all ester groups (Table 1, page 56).

Lithium is a very reactive metal and must be handled under argon. Since it was used frequently
in this project, the preparation of lithium solution proved to be more convenient than handling the
solid. A solution of 200 mg lithium in 20 mL n-pentanolate was prepared and used without affect
ing the yields of the cyclization reactions.

We took advantage o f the solubility properties of the acids for their purification. The deprotonated Pcs were soluble in water but insoluble in most organic solvents, while the protonated Pcs
were soluble in polar organic solvents but insoluble in water. Methanol could dissolve both forms
but acetone was already a poor solvent for the deprotonated Pcs. The deprotonated Pcs were
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therefore extracted and washed with organic solvents to remove organic impurities and the protonated Pcs were washed with distilled water to remove ionic impurities.

H3C O O C (H ,C L O

Ql^l

H3COOC(H2C)n O
H3COOC(H2C)n O
n = 3,
n = 5,
n = 10,

CN

1) Lithium
pentoxide
w-pentanol
reflux
2) H+

H3COOC(H2C)n

-YO(CH2)nCOOCH3

H3COOC(H2C)n O ^

^ 0 ( C H 2)nCOOCH3

64
30
57

H3COOC(H2C)n O
n = 3,
n = 5,
n = 10,

Scheme 28

0 (C H ,L C 0 0 C H 3

0 (C H 2)nCOOCH3

Pc-Cj-CO O H
P c-C5-CO OH
Pc-C10-CO OH

20 %
38 %
24%

Synthesis o f Pc-C „-C O O H using lithium n-pentanolate

The products were characterized with IR, UV-Vis and MS. The appearance o f broad OH stretch
peaks (3520 to 2400 cm'1) and strong C =0 stretch peaks at around 1710 cm' 1 indicated the presence of COOH groups. The deep blue colour of phthalocyanines arises from a characteristic
isolated band (Q-band) in the visible spectrum of light near 670 nm. Thus, UV-Vis spectra alone
confirm the presence of the Pc ring and can also distinguish between metal-free and metallated
macrocycles (Figure 22). Methanol was not a good solvent for UV/Vis spectroscopy as the Pcs
strongly aggregated but pyridine revealed the characteristic 4-peak pattern o f the non-aggregated
metal-free Pc. The molar masses of all octa-acid Pcs were determined from a methanol solution
by ESI-TOF mass spectrometry (negative mode) (Table 1, page 56).
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The deviations between the measured results and calculated exact masses were larger than 5
ppm because the counts per second (beam intensity) of the internal standard’s signal at high mo
lecular mass was too low to do lock-mass. Therefore, we could not obtain accurate exact masses
of our compounds.

Table 1

MS results o f Pc-C „-C O O H

Compd. Name

measured Mass

Calculated Mass

Error (ppm)

P c-C3-COOH

1330.8076

1330.4190

292

Pc-Cs-COOH

1554.2432

1554.6694

274

Pc-Cio-COOH

2115.3301

2115.2954

16.4

in methahol
in pyridine

0 .5-1

0 .4 -

0 .3 -

0o)

c
TO
nk_
5
co
-Q
<

0 .2 -

due to aggregation

o.o-

-

0.1
40 0

500

600

700

800

Wavelength (nm)
UV-Vis of Pc-C3-COOH

Figure 22

UV-Vis spectra o f P c-C 3-C O O H
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b) Preparation of PC-C„-NHBoc with quinoline

Unfortunately, the lithium pentanolate method did not work for the cyclization o f compound 52
and 71 to form Pc-Cn-NHBoc. The Boc group was probably cleaved under these conditions to
give the free amine, which would interfere with the cyclization of the phthalonitriles. The amine
could react in similar way as was shown for ammonia gas in Scheme 2, approach II.

Using less nucleophilic bases, such as DBU and quinoline, was expected to avoid the cleavage
of the Boc group. Therefore, we tested a couple of reaction conditions for the tetracyclization of
dicyanobenzene by using DBU or quinoline as the base. The commercially available 4-nitro-l,2dicyanobenzene was used as a test reagent for the optimization of the reaction conditions before
the precious compounds 52 and 71 were used.

N 02
a) quinoline NiCl2
b) quinoline, n-octanol, NiCl2
c) DBU, n-octanol

OzN
M = Ni or H
Pc-N 02

Scheme 29

Test reactions on the tetracyclization o f 3-nitro-1,2-dicyanobenzene to form P c -N 0 2

3-nitro-l,2-dicyanobenzene was treated with: a)49 anhydrous NiCl2 (1 eq) and quinoline at
166°C for 4 hours; b) anhydrous NiCl2 (2 eq), n-octanol and quinoline (1 ml o f quinoline per 100
mg o f starting material) at 166°C for 4.5 hours; c)50 DBU (1 eq) and n-pentanol at 150°C for 4
hours. All three conditions produced the tetranitro Pc but in slightly different yields of 25%, 35%,
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and 25%, respectively.

The highest yielding method b) was chosen for the preparation of Pc-C„-NHBoc (Scheme 30).
0.25 to 1 equivalent of NiCl2 per dicyano derivative was found to give the best yields whereas 5
equivalents of NiCl2 fully suppressed the formation of Pc and a dark purple mixture was obtained
instead.

BocHN(H2C)„ O

0(CH 2)nNHBoc

N f^ N t
BocHN(H2C)n O ^ ^ s ^ C N

Njc i2, quinoline

BocHN(H2C)n

BocHN(H2C)n O ' ^ ^ C N

«-octanol, 167°C

|n
BocHN(H2C)n

N

^ ^I ^

K ^ ^ O ( C H 2)nNHBoc

\_ J
BocHN(H2C)„ O

n = 6,
n=ll,

Scheme 30

52
71

0(C H 2)„NHBoc

n = 6, NIPc-C6-NHBoc yield: 40%
n = 11, NiPc-C„-NHBoc yield: 35%

Synthesis o f N i-Pc-C n-N H B oc (n = 6 ,1 1 )

For work-up, w-octanol was removed from the reaction mixtures under reduced pressure at
around 117°C to 120°C to give dark blue. The purification of the Pc products included evapora
tion, extraction with toluene and washed with water to remove any inorganic salt, followed by
column chromatography on silica gel. The residue of starting materials were expected to be eluted
with EtOAc in hexane (50% V/V), and blue coloured products to be eluted with maximum of
pure EtOAc. However, only a small amount of blue colour ran with EtOAc, and the rest ran with
methanol and pyridine. The very high affinity towards silica gel might be caused by free amines,
Boc cleavage products. The solubility properties of the products also indicated they were more
like amine than amides. They were more soluble in organic solvents in basic condition than in
acid condition, they were soluble in high polar solvent, methanol, in acidic condition.
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U V-V is o f P c-C 6-NHBoc

The spectroscopic data o f the impure Pc fractions were not very conclusive. UV-Vis spectrum
spectroscopy of Ni-Pc-C6-NHBoc in pyridine revealed four peaks in the Q-band region (at 607
nm, 642 nm, 672 nm, and 700 nm) which suggest the presence o f both Ni2+-containing and metalfree Pcs. The Pcs again strongly aggregate in methanol (Figure 23). The IR spectrum of Pc-C6NHBoc is given in Figure 24 and confirms the presence of the amide (1692cm 1, C =0 stretch)
and the amine (3380 cm'1, N-H stretch). !H NMR spectra were measured in deuterated methanol
and showed very broad peaks due to aggregation. Deuterated pyridine might be a better solvent
according to UV/VIS spectroscopy. The m olar masses o f the two compounds were tried to be
determined by ESI-TOF and MALDI Mass spectrometry in both positive and negative modes. We
tried several different solvents such as methanol, ethyl acetate, and methanol/acetonitrile but nei-
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ther ESI-MS nor MALDI gave any peaks close to the expected values. This might be due to im
purities that are preferentially dissolved and mask the signals of the analytes. Acetonitrile is the
preferred solvent for both MS methods but is, unfortunately, a non-solvent for the Pcs. Mixture of
THF, pyridine, or DMF with methanol or acetonitrile maybe give better results. A suitable solvent
or solvent mixture can facilitate the ionization of analytes and enable a smooth sample introduc
tion and ion beams. For MALDI, a suitable solvent can facilitate the co-crystallization of matrix
with the analytes. Acetonitrile is the most used solvent in both instruments. The problem was that
our compounds were not so soluble in acetonitrile. Preferentially dissolved impurities may mask
the signals o f the analytes.
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2.2.

Synthesis of TAPS-C„-COOH and TAPS-CB-NH2

2.2.1.

Introduction

Tetraazaporphyrin (TAP) is a phthalocyanine without the benzene rings attached to the pyrrole
(Figure 10). It was chosen as a comparative discotic core that exhibits weaker 7T-7Tinteractions
than Pcs because of its smaller 7r-electron system (20 7r-electrons versus 36 7r-electrons).

H2NCH2OCO(H2C)n S

S(CH2)nOCOCH2NH2

S(CH2)nOCOCH2NH2

H2NCH2OCO(H2C)n S

N
H2NCH2OCO(H2C)n S

i
k.u
N—

H2NCH2OCO(H2C)n S

Octa-amines

N
f

S(CH2)nOCOCH2NH2

S(CH2)nOCOCH2NH2

HOOCH2C=CH2OCO(H2C)n S

S(CH2)nOCOCH=CH2COOH

S(CH2)nOCOCH=CH2COOH

HOOCH2C=CH2OCO(H2C)n S
N
HOOCH2C=CH2OCO(H2C)n

HOOCH2C=CH2OCO(H2C)n S

Scheme 31

N
S(CH2)nOCOCH=CH2COOH

NH

S(CH2)nOCOCH=CH2COOH

Structures o f T A P S -C „-C O O H and T A P S -C n-N H 2
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Octa-acids

The synthesis of octahydroxyalkylthio-substituted TAPs (TAPS-Cn-O H) was already presented
in the introductory section on page 15. These compounds were first prepared and published by
S.H. Eichhom 20 (Scheme 9) and were available as starting materials. Conversion o f the 8 terminal
hydroxyl groups should allow for a versatile and fast preparation of polyionic discotic liquid crys
tals. In this thesis, the hydroxyl groups were esterified with the cyclic anhydride of maleic acid to
give the octa-carboxylic acids in one step. Similarly, the esterification with a Boc-protected gly
cine and followed by the deprotection gives the octa-amine derivatives as shown in Scheme 31.

2.2.2

Synthesis o f TAPS-C„-CO OH and N i-T A P S-C n-C O O H

Metal-free octa-hydroxy TAPs (TAPS-C„-OH, prepared by Holger Eichhom20) were esterified
with maleic anhydride (10 eq) in the presence of N, A-diisopropylethylamine (DIPEA, 10 eq) in
DMF. The formed octa-acids TAPS-Cn-COOH (Scheme 32) were precipitated with aqueous
HC1 (0.1M) and the blue solids were isolated by centrifugation (filtration did not work well) and
washed with water and dilute HC1 to remove DMF as well as any other water-soluble impurities.
Dilute HClaq was used instead of pure water to keep the octa-acids protonated and insoluble in
water as well as to remove DIPEA more easily. Good solvents for the protonated octa-acids were
THF and pyridine. Pyridine was a better solvent for the metallated octa-acid TAPs.

The final products were characterized by UV-Vis, IR, and 1H NMR spectroscopy. UV-Vis spec
troscopy confirmed the presence of the metal-free TAP macrocycle Q-band maxima at 649 nm
and 708 nm in methanol (Figure 26). No aggregation was observed in methanol in contrast to the
octa-acid Pcs. IR spectroscopy confirmed the presence of the ester and acid functions indicated
by the broad C = 0 stretch around 1725 (shoulder at 1770) and the broad OH stretching mode be
tween 3600 and 2600 cm-1. Also characteristic was the C=C stretch mode o f the maleic acid ester
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at 1634 cm-1 (Figure 25). 1H-NMR spectroscopy in D 20 was not very conclusive as only broad
peaks were observed, probably due to aggregation, which was persistent even when the tempera
ture was increased to 90°C.

HO(CH2)n S

H

HO(CH2)„ s .

RO(CH2)nS,

S(CH2)nOH

C k

RO(CH2)„S.

V .S ( C H 2)nOH

,S(CH2)nOR

DIPEA, DMF

S(CH2)„OH

HO(CH2)n S-

HO(CH2)n S'

50 °C, 24-48 h

S(CH2)nOH

NiAc2
Py.THF

RO(CH2)nS,

M

RO(CH2)nS'1

RO(CH2)nS

X / * C H 2)nOR

H

y C .

S(CH2)nOR

S(CH2)nOR

R = C(0)-CH=CH-C00H
n=3
n= 6
n= 8
n = 11

S(CH2)nOR

RO(CH2)nS

H

S(CH2)nOR

TAPS-Cj-COOH
TAPS-Cs-COOH
TAPS-C8-COOH
TAPS-Cji-COOH

R = C(0)-CH=CH-COOH

RO(CH2)nS

'S(CH2)nOR n = 3

V J
/
RO(CH2)nS

Scheme 32

NiTAPS-Cj-COOH

n = 6 NiTAPS-Cg-COOH
n = 8 NiTAPS-Cg-COOH
n = 11 NiTAPS-C„-COOH

\
S(CH2)nOR

Synthesis o f N i-T A PS-C „-C O O H

A part o f the metal-free octa-acid TAPs were metallated with Ni2+ because the metallated TAPs
are known to form discotic mesophases more easily than the metal-free derivatives.18 It is also
known from literature that metals like Ni2+ and Cu2+are rather satisfied with a square planar coor
dination while metals like Mg and Zn2+ undergo additional axial coordination. These axial ligands
interfere with the co-facial stacking and can suppress mesomorphism .8 Ni2+ has the advantage
over Cu2+ of being diamagnetic and, therefore, more suitable for solution NMR.

TAPS-C„-COOH was treated with nickel(II) acetate (10 eq) in a 50% pyridine in THF or pure
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pyridine at room temperature. The progress o f the reaction was monitored with UV-Vis spectros
copy and a complete metallation to Ni-TAPS-C„-COOH was obtained overnight. The UV-Vis
spectra of TAPS-Cg-COOH and Ni-TAPS-Cg-COOH in methanol are shown in Figure 26.

The octa-acid TAPs, unfortunately, became insoluble after a few weeks and precluded any fur
ther characterizations. The insolubility might be caused by the formation of polymers via
polymerization o f the maleic acid ester double bonds. A new graduate student has continued this
project with succinic anhydride instead of maleic anhydride to avoid this problem.
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Figure 25

IR spectra o f T A PS-C 3-O H and T A PS-C 3-C O O H (K Br pellet)
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Figure 26

UV-Vis spectra o f T A P S -C 8-C O O H and N i-T A PS-C 8-C O O H in Methanol
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2.2 .3.

Synthesis ofTAPS-C„-N H 2

12 eq. B oc-glycine
12 eq. D IC

Mg-TAPS-Cn-OH

--------------

Mg-TAPS-Cn-OCOCH2NHBoc

D M A PJD C M
rt, 70 h

T sO H , T H F

( Mg-TAPS-C„-NHBoc

)

V

>

( Mg-TAPS-Cn-NH2 )

Mg-TAPS-Cn-OCOCH2NH2

n = 3, 6, 8, 1 1

Scheme 33

Synthesis o f M g-TA PS-C „-N H 2

The synthesis of TAPS-C„-NH 2 was attempted by esterification of the 8 OH groups with NBoc-protected glycine using the carbodiimide approach (Scheme 34). DIC functions as dehy
drating agent and is converted to DIU (diisopropylurea) in the esterification of a carboxylic acid
(Boc-Gly) with an alcohol (TAPS-Cn-OH). The reaction is driven to the ester product if DIU
crystallizes out o f a non-protic solvent, such as DCM, at low temperature. The final step involved
the cleavage o f the Boc group under acidic conditions (Scheme 33).

(H3C)2CH
(H3C)2CH
DIC

N = C = N

C

HCk

H

N

CH(CH3)2

o

CH(CH3)2

)C=N ^

^.CH2NHBoc
R

(H3C)2CH

NH

OH

R'.

^CH(CH3)2

;c

NH

DIU

Scheme 34

/

+

\

A

The m echanism o f Carbodiimide Coupling Reaction

67
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Mg-TAPs-C„-OH were reacted with Gly-Boc (10 eq) in the presence o f DIC (10 eq) and
DMAP (1.2 eq) in DCM for 70 hours at room temperature. The product was purified with silica
gel chromatography using THF/hexane mixtures as eluents. 'H-NMR spectra o f the products were
incomprehensive because they exhibited many unknown peaks. IR spectroscopy confirmed the
presence o f the Gly-NH-Boc ester. The most prominent peak was the broad absorption of the
C=0 stretching vibration with a maximum at around 1700 cm'1. The absorptions o f the amide and
ester carbonyl groups overlapped and were not resolved. In addition, we could not conclude from
the IR spectra whether the hydoxy groups were converted quantitatively.

We expected the spectra to become less complex after the cleavage o f the Boc group, for which
a solution of p-toluenesulfonic acid in THF was used. The IR spectroscopy showed that the C =0
band around 1700 cm' 1 almost disappeared after 24 hours reaction. However, ‘H NMR spectra of
products still have many unknown peaks, bad integrations and broadened peaks due to molecular
aggregation.
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2 .2 .

C onclusion and Outlook

In this thesis, several new approaches to 4,5-dicyanocatechol derivatives were developed such
as the di-bromination in the 4,5-positions of dibenzyloxybenzene by NBS to give compound 8 in
excellent yield. The use of 4,5-dicyanocatechol as modular Pc precursor (Schem e 14) has also
been demonstrated for the first time. 4,5-dicyanocatechol can be quantitatively alkylated with al
kyl bromides if Cs2C 0 3 in DMF was chosen as base and solvent, respectively. V-Boc-protected
bromoalkylamine side-chain precursors were synthesized in a one-pot transformation of the alkylazide precursors. The iV-Boc-protected bromoalkylamines were subsequently reacted with 4,5dicyanocatechol to give the Pc precursors 52 and 71 in a straightforward manner.

Lithium pentanolate in pentanol successfully tetracyclized the 4,5-dicyanocatechol derivatives
30, 57, and 64, into the corresponding octa-acid Pcs (Pc-Cn-COOH, n = 3, 5, and 10). The methylester protection of the acid groups was sufficient even though they were already cleaved off
during the course o f the reaction. All three octa-acid Pcs were characterized by UV-Vis, IR, and
MS spectroscopy. Solution NMR was difficult due to strong aggregation but might be feasible in
solvents such as deuterated pyridine. Additionally, elemental analysis needs to be done as purity
verification.

Lithium pentanolate in pentanol did not work for the tetracyclization o f the Boc-amine precur
sors 52 and 71 and quinoline/octanol mixtures with NiCl2 as template at 170°C were used instead.
The corresponding octa-amine Pcs (Pc-C„-NH2, n = 6 , 11) were prepared in typical yields of
25%-35%. IR spectroscopy revealed that the Boc group was cleaved off under the applied cyclization conditions, probably because of the high temperatures, and a mixture o f the amine and
Boc-amine Pcs were obtained.

The characterization o f the octa-amine Pcs, unfortunately, caused more problems than for the
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acids. Only UV-Vis and IR spectra were obtained easily while no MS data could be obtained by
ESI and MALDI. Different solvents and matrices (for MALDI) need to be tested to overcome this
problem. Solution NMR results were again not conclusive because o f aggregation but deuterated
pyridine might overcome this problem. Elemental analysis data are also needed to prove the pu
rity of our compounds but an improved purification procedure needs to be developed first.
Preparative GPC might be ideal for these compounds.

As an alternative route to octa-acid and -amine discotic liquid crystals we demonstrated that
octa-alcohol precursors, such as TAPS-C„-OH, can be converted to the acids or amines by esteri
fication with anhydrides or protected aminoacids in one or two steps, respectively. The TAPS-CnCOOH derivatives prepared by esterification with maleic acid anhydride unfortunately became
insoluble due to polymerization of the C=C. Similar derivatives are presently being prepared with
succinic anhydride to avoid this problem.

The conversion of TAPS-C„-OH to TAPS-C„-NHBoc with A-Boc-glycine in principally works
but not enough time was left for the optimization o f the reaction conditions and a meaningful
characterization of the products.

70
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

3.

Experimental

3 .1 .

Synthesis of Pc-C„-COOH and Pc-C„-NH 2
3.1.1.

General M ethods

Reagents used in this thesis were purchased from Aldrich and Fluka Chemical Companies. Dry
ing agents (M gS04, A120 3, 3A molecular sieves, Na 2S 0 4) were purchased from VWR. DMF was
dried over magnesium sulfate, n-pentanol and methanol were dried over 3A molecular sieves.
Tetrahydrofuran and dichloromethane were obtained from a Pure-Solv solvent purification system.
Other solvents were used as purchased. Column chromatography was performed using silica gel
60 (35-70 mesh ASTM, from EM Science, Germany). The preparative thin layer chromatography
was performed using Silica Gel 60 or RP-18 (F254), or Aluminum Oxide 60 (F254) on aluminum
sheets (from EM Science, Germany).

NMR spectra were used to identify the structures of each compound. Several NMR spectrome
ters were used in the research; they were a Bruker DRX 500 MHz, a Bruker DPX 300 MHz and a
Bruker DPX 300 MHz with auto-tune. Deuterated solvent signals were used as references. The
deuterated solvents used in this thesis were chloroform, water, DMSO, methanol.

Fourier Transform Infrared spectra (FT-IR) were obtained on a Bruker Vector 22. IR data will
be presented by using some abbreviations, e.g. s = strong, vs = very strong, m = medium, w =
weak, br = broad. Liquid samples were performed as films on potassium bromide plates, and
solid samples were run as potassium bromide pellets. LC-MS was obtained on a Micromass LCT
Electrospray Ionization Time-of-Flight Mass Spectrometer. UV-Vis absorption spectra were run
on a Varian Cary 50 Cone UV-Visible Spectrophotometer.
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3 . 1. 2 .

Synthesis o f 1,2-bis(benzyloxy)benzene ( 7)

.OH

.O C H 2C 6H5
BnCI, K2C 0 3
C H 3C N , 5 0 °C

OH

O C H 2C 6H5
7

Scheme 35

Synthesis o f 1,2-bis(benzyloxy)benzene (7)

A round bottom flask was dried. Catechol (20 g, 0.182 mol), benzyl chloride (57.59 g, 0.455
mol), K 2C 0 3 (88.04 g, 0.637 mol) were weighted in and dried under vacuum and purged with ar
gon. Then acetonitrile (400 mL, dried over M gS04) was added and the result mixture was stirred
at 50°C for 48 hours under argon. The reaction mixture was filtered. The solvent in the filtrate
was removed under reduced pressure to give some solid residue, which was further purified by
recrystallization from methanol to obtain a white solid as product (41.567 g, yield 79%)

'H NMR (CDC13) 5: 7.48-7.27 (m, 10H), 6.98-6.87 (m, 4H), 5.17 (s, 4H).

3.1.3.

Synthesis o f 1,2-brom o-4,5-dibenzyloxybenzene (20)

a) Alkylation o f dibromocatechol (20)

o c h 2c 6h 5

20

Scheme 36

Synthesis o f 1,2-bromo-4,5-dibenzyloxybenzene (20, approach I)
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A mixture o f 1,2-dibromocatechol (19.806 g, 0.074 mol), benzyl chloride (30 mL, 33 g, 0.26
mol) K 2C 0 3 (61.3 g, 0.44 mol), and acetonitrile (400 mL, dried with M gS04) was heated to 55°C
under an argon atmosphere for more than 3 days. Under cooling to room temperature, the reaction
mixture was filtered and the filtrate was concentrated to 10 mL and purified by column chroma
tography (silica gel, toluene/hexane 1:1) to obtain 18.27 g (yield 54%) white solid as desired
product.

'H NMR (CDC13) 8: 7.43-7.33 (m, 10H), 7.18 (s, 2H), 5.11 (s, 4H).

13C NMR (CDCI3) 5: 149.1, 136.5,128.9, 128.8,128.4,127.6, 119.8,115.7, 71.9.

b) Bromination o f 1,2-dibenzyloxybenzene by using NBS

„OBn

,OBn
NBS, CH3CN
60 °C

'O B n

"OBn

20

Scheme 37

Synthesis of 1,2-bromo-4,5-dibenzyloxybenzene (20, approach II)

A solution o f NBS (10.79 g, 60.6 mmol) in acetonitrile (150 mL) was added to a solution o f the
1,2-dibenzyloxybenzene (5.868 g, 20.2 mmol) in acetonitrile (150 mL) and stirred at 60°C for 17
hours, monitored with TLC. Under cooling to room temperature, the product was crystallized and
was filtered off. More products were recovered from the filtrate by recrystallization in methanol
to give slightly yellowish crystals as product (8.537 g, yield: 94%)

'HNM R (CDCI3) 5: 7.43-7.33 (m, 10H), 7.17 (s, 2H), 5.11 (s, 4H).
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c) Bromination o f 1,2-dibenzyloxybenzene by using Br2

Br2, DCM

Scheme 38

Synthesis o f 1,2-bromo-4,5-dibenzyloxybenzene (20, approach III)

A solution o f (18.08 g, 5.80 mL, 0.113 mol) of bromine in DCM (40 mL) was slowly added to
an ice-cooled solution o f 1,2-dibenzyloxybenzene (16.43 g, 0.056 mol) in DCM (40 mL) dropwise for about 1 h. The mixture was stirred for another 3 h under 0 °C. Then it was raised to room
temperature and stirred for 1 hour. Excess bromine was neutralized with sodium disulfide aque
ous solution (10 mL, 10%), sodium bicarbonate (10%) and water. The extract was dried over
M gS04. Then it was further purified with silica gel chromatography, eluting with toluene/hexane
(1/1) to obtain 2 g (yield:7%) white solid as the product. During the reaction, benzyl cleavage and
subsequent oxidation happened; and side products were not recovered.

'HN M R (CDC13) 8: 7.42-7.31 (m, 10H), 7.15 (s, 2H), 4.51 (s, 4H).

3.1.4.

Synthesis o f l,2-dicyano-4,5-dibenzyloxybenzene (21)

„OBn

NC_

33

.OBn

CuCN, DMF
reflux
OBn

21

20

Scheme 39

Synthesis o f 1,2-dicyano-4,5-dibenzyloxybenzene (21)
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A mixture of l,2-dibromo-4,5-dibenzyloxybenzene (20, 14.47 g, 0.032 mol), CuCN (9.98 g,
0.11 mol) and DMF (100 mL) was heated at reflux for 25-50 hours under an argon atmosphere,
monitored with TLC. Solvent was removed from the reaction mixture with a rotary evaporator;
and then DCM (400 mL) was added to the residue and insoluble blue solid was filtered off. The
filtrate was washed with 15% aqueous NH 3 until colourless and washed with water until neutral.
Then it was purified with column chromatography (silica gel, eluted with toluene) to obtain 2.51
g (Yield: 23%) white solid as the desired product and 3.6 g (28%) of l-bromo-2-dicyano-4,5dibenzyloxybenzene.

‘H NMR (CDCI 3) 8: 7.42-7.36 (m, 10H), 7.20 (s, 2H), 5.23 (s, 4H).

,3C NMR (CDCI3) 5: 152.4, 135.0, 129.1,128.9, 127.3,117.5, 115.8, 109.3,71.7

3.1.5.

Synthesis o f 4,5-dicyanocatechol (22)

OBn

33

NC
5% Pd/C, H2
EtAc, rt

22

21

Scheme 40

Synthesis o f 4,5-dicyanocatechol (22)

A solution of l,2-dibenzyloxy-3,4-dicyanobenzene (21, 1.35 g, 3.97 mmol) in EtOAc (200 mL)
was added to a suspension of 5% Pd/C (200 mg) in EtOAc (50 mL). The mixture was bubbled
with hydrogen at room temperature for 4 h. The crude mixture was filtered. The filtrate was con
centrated and dried through vacuum to obtain 0.52 g (yield: 82%) white solids as the desired
product.
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'H NMR (DMSO) 5: 7.27

13C NMR (DMSO) 5: 150.5, 119.8,116.4,105.5

3.1.6.

G eneral M ethod fo r Esterification o f a-brom oalkanoic a cid (29, 56, 59,
63)

h 2s o 4

Br(CH2)nCOOH +

Scheme 41

CH3OH

---------- ►
reflux

Br(CH2)nCOOCH3 +

n=l

59

38%

n=3

63

68%

n=5

29

70%

n=10

56

75%

H20

General m ethod for esterification o f u-brom oalkanoic acid (29, 56, 59, 63)

co-Bromoalkanoic acid (0.01 mol) and methanol (5 to 10 mL) was placed in a round-bottomed
flask, concentrated sulfuric acid (0.5 mL) was carefully poured down the wall o f the flask. It was
heated at reflux for 1 h. The reaction mixture was cooled and poured into water (25 mL) con
tained in a separatory funnel, extracted with ether (10 mL) and washed with water and sodium
bicarbonate (5%) and saturated NaCl solution sequentially. The ether layer was dried over M gS04,
evaporated and dried in vacuum to give a colourless liquid as the product.

Compound 29: (70% yield)

'H NMR (CDClj) 5: 3.65 (s, 3H), 3.39 (t, 2H, J = 6.5 Hz), 2.31 (t, 2H, J = 7.5 Hz), 1.86 (m, 2H,
J = 7.3 Hz), 1.64 (m, 2H, J = 5.5 Hz), 1.46 (m, 3H, J = 5.5 Hz)

Compound 56: (75% yield)
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'H NMR (CDCI3) 8: 3.66 (s, 3H), 3.40 (t, 2H, J = 6.9 Hz), 2.30 (t, 2H, J = 7.5 Hz), 1.85 (m, 2H,
J = 7.1), 1.61 (t, 2H, J = 7.2), 1.44-1.28 (t, 12H)

13C NMR (CDCI3 ) 5: 174.3, 51.68, 34.31, 34.27, 33.0, 29.56, 29.52, 29.41, 29.33, 28.94, 28.37,
25.15

IR (cm'1): 2928 (s, CH2), 2855 (s, CH2), 1741 (vs, C =0 from COOCH3 )

Compound 59: (38% yield)

'H NMR (CDCI3 ) 8: 3.75 (CH2), 3.70 (OCH3)

I3C NMR (CDCI3 ) 8: 167.9, 53.4, 25.7

Compound 63: (6 8 % yield)

'H NMR (C D C I 3) 8: 3.69 (s, 3H), 2.51 (t, 2H, J = 7.2 Hz), 2.20 (m, 2H, J =

6 . 8

Hz)

13C NMR (C D C I 3) 8: 173.2, 51.9, 32.9, 32.4, 27.9

IR (cm'1): 2954 m (m, CH2), 2860 (w, CH2), 1738 (s, C O from COOCH3)
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3.1.7.

Synthesis o f l,2-dicyano-4,5-bis(5-methoxycarbonylalkyloxy)benzene (30,
54, 57, 64)

.OH

NC

+ Br(CH2)nCOOCH3
OH

NC

22

Scheme 42

n
n
n
n

=
=
=
=

NC

.0(CH 2)nC 0 0 C H 3

NC

0 (C H 2)nC 0 0 C H 3

C s2C 0 3
___________ „
DMF, 100 °C

2,
/
3,
63
5,
29
10, 56

n
n
n
n

=
=
=
=

2,
3,
5,
10,

54
64
30
57

Synthesis o f 1,2-dicyano-4,5-bis(5-methoxycarbonylalkyloxy)benzene (30, 54, 57, 64)

To a mixture of 4,5-dicyanocatechol (22, 1.2 mmol) and CsC 03 (2.6 mmol) in DMF (10 mL)
was added methyl-1-bromoalkanoate (2.7 mmol). The resulting mixture was stirred at 100°C for
7 hours under an argon atmosphere. After evaporation o f the volatile components, the products
were purified by following processes.

Compound 30, 54 and 64: purified with silica gel column chromatography and were eluted with
DCM and DCM/EtOAc (9/1) to give a white powder as the products with 86%, 93% and 0%
yields for compound 30, 64 and 54 respectively.

Compound 57: The mixture was added to DCM to dissolve organic components, then filtered
off insoluble inorganic salts and washed with DCM. The filtrate was concentrated, precipitated
with methanol (20 mL), filtered and washed with MeOH (3x5 mL) to obtain some white solid,
which was further purified with seperatary funnel by washing with water (4x30 mL) from
EtOAc/DCM (1/2). The final yield was 82% with NMR purity.

Compound 30: *H NMR (CDC13) 5: 7.11 (s, 2H, 4>-H), 4.05 (t, 4H, OCH2, J = 6.5 Hz), 3.67 (s,
6H, OCH3), 2.36 (t, 4H, CH2COO, J = 7.4 Hz), 1.88 (m, 4H, OCH2CH2, J = 7.3 Hz), 1.72 (m, 4H,
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CH2CH2COO,

j

= 7.7 Hz), 1.52 (m, 4H, J = 4.3 Hz).

13C NMR (CDC13) 5: 173.7,152.3, 115.9,115.8,108.6, 69.4, 51.5, 33.8, 28.4, 25.5, 25.4, 24.5.

IR (cm'1): 2951 (m, CH2), 2871 (w. CH2), 2229 (m, CN), 1729 (vs, C =0)

Compound 57: 1 H NMR (CDC13) 8: 7.11 (s, 2H, 4>-H), 4.04 (t, 4H, OCH2, J = 6 .6), 3.66 (s,
6H, OCH 3), 2.30 (t, 4H, CH2COO, J = 7.5 Hz), 1.85 (m, 4H, OCH 2C H 2, J = 7.1), 1.61 (t, 4H,

CH 2CH2COO, J = 7.2), 1.44-1.28 (t, 24H)

13C NMR (CDClj) 5: 202.7, 174.3, 152.5, 115.9, 115.8, 108.4, 69.7, 51.5, 34.1, 29.45, 29.34,
29.24, 29.20, 29.14, 28.7, 25.8, 24.9

IR (cm’1): 2920 (vs, CH2), 2849 (s, CH2), 2230 (w, CN), 1743 (m, C = 0 from COOH), 1719 (vs,
C=0 from COOCH 3)

High Resolution Mass Spectrometry: 579.3420 (sodium complex)

Calculated Mass: 579.3410 (sodium complex)

Compound 64: ]H NMR (CDC13) 8: 7.14 (s, 2H, 4>-H), 4.12 (t, 4H, OCH2, J = 6.3), 3.70 (s, 6H,
OCH3), 2.54 (t, 4H, CH 2COO, J = 7.2 Hz), 2.19 (m, 4H, J = 6 .8)

I3C NMR (CDCI3) 8: 172.8, 152.1, 116.1(CN and C2 in the benzene ring), 108.9, 68.4, 51.8,
30.0, 24.1

IR (cm 1): 2955 (m, CH2), 2880 (w, CH2), 2233 (m, CN), 1728 (vs, C = 0 from COOCH3)

High Resolution Mass Spectrometry: 383.1226 (sodium complex)

Calculated Mass: 383.1219 (sodium complex)
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3 . 1. 8 .

Synthesis o f Pc-Cs-CO O H

H00C(H2C)50

NC

1) Li, n-pentanol
0 (C H 2)5COOCH3

NC

0(CH2)5C00H

•s^ O ( C H 2)5COOH

H 0 0 C (H 2C)50 Ns^s!'

2) H

30

H 0 0 C (H 2C)50

0 (C H 2)sC 0 0 H

Pc-Cs-COOH

Scheme 43

Synthesis o f P c-C 5-C O O H

Lithium metal (57 mg, 8.1 mmol) was added to a refluxing solution o f the dicyano-derivative
(500 mg, 1.2 mmol) in n-pentanol (5 mL). The solution was heated at reflux for 12 h. On cooling,
acetic acid (0.2 mL) was added to the reaction mixture and the crude product was collected with
centrifugation and washed with acetone (3x20 mL). With the removal o f base it would become
soluble in acetone; in that case, 1M NaOH was added to precipitate out product and remove any
acetone soluble impurities. Further purification included Soxhlet extraction with EtOAc to re
move impurities and with water to obtain the water-soluble deep-blue coloured product. Water
was removed under reduced pressure and product was dried under vacuum to yield 0.181 g (38%).

'H NMR (D20 ) 8: 7.127,4.09, 2.18,1.82,1.60, 1.44 (NOTE: peaks are broad and unresolved)

UV-Vis (nm o f m axim a) in m ethanol: 620, 668 (m etal free, Q -band splitting); in pyridine: 608,
6 4 2 ,6 66, 702

IR (cm 1): 2952 (w, CH2), 2871 (w, CH2), 1737 (s, 0 = 0 , acid)
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High Resolution Mass Spectrometry: 1554.2432

Calculated Mass: 1554.6694

3.1.9.

Preparation o f lithium pentanolate pentanol solution

lithium metal (0.2 g) was weighed under nitrogen atmosphere and added to n-pentanol (20 mL).
The mixture was heated up to 60-70°C overnight and gave a yellowish suspension with a concen
tration of 10 mg/mL (1.4 mol/L).

3.1.10. Synthesis o f Pc-C„-CO O H (n = 3, 10)

HOOC(H2C)n O

0 (C H 2)nC 0 0 H

T

N -^ n
NC

0 (C H 2)nCOOH

NC

O (CH 2)nC 0 0 H

V

j)Li,n-pentanol HOOC(H2C)n
2) H+

HOOC(H2C)n O

\ N

H

V ^ . O ( C H 2)nCOOH

H

C

0 (C H 2)nCOOH

y j
HOOC(H2C)n O
n = 3,
n = 10,

Scheme 44

64
57

n = 3,
n = 10,

0 (C H 2)nCOOH
Pc-Cj-CO O H
Pc-C10-C O O H

Synthesis o f Pc-C „-C O O H (n = 3, and 10)

A mixture o f 57 or 64 (0.23 mmol) and lithium w-pentanolate solution (2 mL, 1.4 mol/L lithium
in n-pentanol, 2.8 mmol) was stirred at 100°C for 6.5 to 19 hours. On cooling, acetic acid (0.2 mL)
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and acetone (10 mL) was added to the reaction mixture and the crude product was collected with
centrifugation and washed with acetone (5x10 mL), HC1 (15 mL, 0.1% HC1), water (2><15 mL) to
obtain dark blue solid as the products with 20% yield for Pc-C3-COOH, and 24% yield for PcCio-COOH.

Pc-Cio-COOH: IR (c m 1): 3520-2400 (br, OH from COOH), 2922 (vs CH2), 2851 (s, CH2),
1710 (vs, C = 0 from COOH)

UV-Vis (nm, in pyridine): 702, 667, 642, 606

High Resolution Mass Spectrometry: 2115.3301

Calculated Mass: 2115.2954

P c-C3-COOH: IR (cm'1): 3550-2400 (s, br, OH from COOH), 2926 (s, CH2), 2855 (s, CH2),
1712 (vs, C = 0 acid)

UV-Vis (nm) in methanol: 622, 667 (shoulder); in pyridine: 610, 640, 666, 702

High Resolution Mass Spectrometry: 1330.8076

Calculated Mass: 1330.4190
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3.1.11. Synthesis o f l-azido-6-bromohexane (50)

N aN 3) T B A B
------------------►

B r(C H 2)6B r

N 3 (C H 2)6B r

+

N 3 (C H 2 ) 6 N 3

80 °C
SO

Scheme 45

50-di

Synthesis o f 1-azido- 6 -bromohexane (50)

A mixture o f sodium azide (1.6 g, 24 mmol), 1,6-dibromohexane (5 g, 20 mmol), tetrabutylammonium chloride (0.32 g, 1 mmol) and toluene (15 mL) was heated up to 80°C with effi
cient stirring for 7 days. The reaction was monitored with NMR. The product was cooled to room
temperature and washed with water (30 mL), saturated NaCl aqueous solution (4x50 mL), and
water (3x50 mL) until no emulsion formed. The toluene layer was dried over M gS04, evaporated
and dried to obtain 4.143 g colourless liquid (contains:

l-azido-6 -bromohexane, 1,6-

diazidohexane) as the products. As azido compounds are explosive, no further separation was
conducted and the product mixture was used in next step (synthesis o f 51) directly.

'H NMR (CDC13) 8: 3.41 (t, 2H, CH 2Br, J = 6.7 Hz), 3.28 (t, 3.4 H, CH 2N3, J = 6.9 Hz), 1.88
(m, 2H, J = 6.9 Hz), 1.62 (m, 3.6, J = 6.5 Hz), 1.48-1.40 (m, 5.6H)

3.1.12. Synthesis o f 6-bromo-N-Boc-hexane am ine (51)

(B oc )20

N3(C H 2)6Br+ N3(C H 2 )6N 3

5% Pd/CL

B o c N H (C H 2)6B r+ B o c N H (C H 2)6N H B o c

H2, EtAc, rt

50

Scheme 46

50-di

51

51-di

Synthesis o f 6 -bromo-N-Boc-hexane amine (51)
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A suspension of 5% Pd/C (20 mg) in EtOAc was bubbled with hydrogen with good stirring for
10 min. To this was added a mixture of azide derivative (4.143 g, 20 mmol o f N3) and di-/-butyl
dicarbonate (5.23 g, 24 mmol) in EtOAc; the resulting solution was stirred under hydrogen at
room temperature until disappearance of azido alcohol as monitored with NMR. The reaction
mixture was filtered, and the filtrate was concentrated under reduced pressure to give a mixture of
1-bromo-vV-6 -Boc propane amine and A/iV-diBoc-propane amine and unreacted (Boc)20 .

In order to remove unreacted (Boc)20 , the above mixture was treated with a mixture of NaOH
(10 mL, 1M) and methanol (20 mL) at room temperature overnight. The resultant mixture was
extracted with EtOAc, and washed with water until neutral, concentrated under reduced pressure,
chromatagraphed on silica gel and eluted with hexane and hexane/EtOAc (from 4/1 to 1/1) to ob
tain 2.398 g (contains 60% mono-Boc and 40% di-Boc) white semi-solid as product. Since di-Boc
derivative will not affect the next step, no further purification was conducted.

A/-6 -Boc-hexaneamine (51, contains 51-di): 'H NMR (CDC13) 8: 3.41 (t, 2H, CH 2Br, J = 6.7
Hz), 3.10 (s, br, CH 2NH, 3.2 H), 1.85 (m, 2H, CH2CH 2Br, J = 7.1 Hz), 1.43 (m, 20H)

N, A -l, 6 -diBoc-hexaneamine (51-di): ‘H NMR (CDC13) 5: 4.5(s, br, NH), 3.10 (s, br, CH2N,
8H), 1.58 (m, 8H), 1.44 (m, 20H)
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3.1.13. Synthesis o f 1-bromoundecanyl azide (69)

Br(CH2)11OH

PPh3, DIAD, DPPA

BitCHaJnNs

THF, 0 °C
69

Scheme 47

Synthesis o f 1-bromoundecanyl azide (69)

To a solution of 11-bromoundecan-l-ol (2 g, 8 mmol, 1 eq) in anhydrous THF (70 mL), cooled
at 0 °C, was added PPh 3 (2.3 g, 8.8 mmol, 1.1 eq). The mixture was stirred for 5 min at 0 °C, and
then DIAD (1.78 g, 1.73 mL, 8.8 mmol, 1.1 eq) and DPPA (2.42 g, 1.9 mL, 8.8 mmol, 1.1 eq)
were added drop-wise. The mixture was allowed to warm slowly to room temperature with stir
ring for 12 h, and the solution was concentrated under reduced pressure. The crude residue was
purified in silica gel chromatography to afford 1.552 g (yield: 71%) colourless liquid as the prod
uct.

‘H NMR (CDC13) 8: 3.41 (t, 2H, CH 2Br, J = 6.9 Hz), 3.25 (t, 2H, CH 2N3, J = 6.9 Hz), 1.85 (m,
2H, J = 7.1 Hz), 1.60 (m, 2H, J = 7.2 Hz), 1.29 (m, 14H)

13C NMR (CDC13) 8: 51.7, 34.2, 33.0,29.6 (3 carbons in the centre), 29.3, 29.1, 28.9, 28.4, 26.9

IR (cm'1): 2928 (s, CH2), 2855 (s, CH2), 2095 (s, CN)

3.1.14. Synthesis o f 11-bromo-N-Boc-undecyl amine (70)

(B o c ) 2 0 , 5 %

Pd/C, H

69

Scheme 48

2

B r(C H 2) n N H B o c

Br(CH 2 ) 1 1 N 3

EtOAc, rt

70

Synthesis o f 11 -bromo-A-Boc-undecyl amine (70)
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The Synthesis procedure was the same as the Synthesis o f 6 -bromo-N-Boc-hexane amine (51),
3.1.12) to obtain 1.634 g solid as product with 89% yield.

'H NMR (CDC13) 5: 4.47 (s, br, NH), 3.4 (t, 2H, CH 2Br, J = 6.9), 3.10 (br, 2H, CH 2N), 2.0 (m,
2H, CH 2CH2Br, J = 7.2 Hz), 1.44 (m, 11H), 1.28 (m, 14H)

13C NMR (CDCI3) 5: 156.2, 79.2,40.8, 34.3, 33.0, 30.3, 29.7, 29.6, 29.5, 29.1, 28.9, 28.6, 28.4,
27.0

IR (cm'1): 3378(s, N-H amide), 2919 (s, CH2), 2852 (m, CH2), 1688 (vs, C = 0 amide), 1521 (vs,
NH)

3.1.15. Synthesis o f 1.l-dicyano^^-bisfN-d-tert-

butoxycarbonylaminoalkyloxyjbenzene (52, 71)

„ 0 (C H 2)„NHBoc

0^003
+ Br(CH2)nNHBoc
DMF, 100°C
" 0 (C H 2 )„NHBoc
n=6,
n = 11,

Scheme 49

51
70

n=6,
n = 11,

52
71

Synthesis o f 1,2-dicyano-4,5-bis(tV-6-ter/-butoxycarbonylaminoalkyloxy)benzene (2, 71)

Amixture o f 4,5-dicyanocatechol (22, 1.4 mmol) and Cs 2C 0 3 (1.6 mmol) in DMF (10 mL) was
added 51 or 70 (2.25 mmol). The resulting mixture was stirred at 100°C for 6 hours under an ar
gon atmosphere. After evaporation of the volatile reaction mixture, the product was purified with
column chromatography [Silica gel, hexane/EtOAc (V/V) from 4/1 to 1/1] to obtain white solids
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as the products with 64% and 84% yield for 52 and 71 respectively.

Compound 52: 'H NMR (CDC13) 6 : 7.10 (s, 2H, 4>-H), 4.59 (s, br, NHBoc), 4.04 (t, 4H, O Q L ,
J = 6.4), 3.12 (br, 4H, CHjN), 1.86 (m, 4H, J = 7.4 Hz), 1.47 (m, 30H)

13C NMR (CDC13) 5: 156.2, 152.6, 116.1, 108.8, 69.8, 60.6, 40.7, 30.3, 28.89, 28.66, 26.62,
26.58, 25.78,21.23, 14.4

IR (cm 1): 3375 (s, NHBoc), 2983 (m, CH3), 2943 (m, CH2), 2874 (m, CH2), 2858 (m, OCHA
2228 (m, CN), 1688 (s, C = 0 from Boc), 1519 (s, NH from Boc)

High Resolution Mass Spectrometry: 581.3412 (sodium complex)

Calculated Mass: 581.3315 (sodium complex)

Compound 71: 'H NMR (CDC13) 5: 7.11 (s, 2H, 4>-H), 4.51 (s, br, NH), 4.04 (t, 4H, OCIL, J =
6 .6), 3.10 (br, 4H, CTLN), 1.85 (m, 4H, J = 7.1 Hz), 1.44 (m, 22H), 1.29 (m, 28H)

13C NMR (CDC13) 5: 156.2, 152.7, 116.2, 116.0, 108.6, 69.9, 60.0, 40.9, 30.3, 29.7, 29.5, 29.4,
28.9, 28.7,27.0, 26.0, 23.6

IR (cm'1): (3363 br, m, NHBoc), 2977 (w, CH3), 2923 (s, CH2), 2852 (m, CH2), 2232 (w, CN),
1685 (vs, C = 0 from Boc), 1521 (vs, NH from Boc)

High Resolution Mass Spectrometry: 721.4463 (sodium complex)

Calculated Mass: 721.4480 (sodium complex)
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3.1.16. Synthesis ofPc-C„-N H Boc (n = 6,11)

B ocH N fH iC k O

O fCH okNH Boc

BocHN(H2C)n O

•CN NiCi2i qUinoijne

BocHN(H2C)n

^ _ 0 ( C H 2)nNHBoc

BocHN(H2C)n O

CN «'octan°l> 167°C

BocHN(H2C)nO

■ ^ 0 ( C H 2)nNHBoc

n=6,
n = 11,

BocHN(H2C)n O

52
71

0 (C H 2)nNHBoc

n = 6 , Ni-Pc-C6-NHBoc
n = 11, Ni-Pc-Cjj-NHBoc

Scheme 50

Synthesis o f o f Pc-C„-NHBoc

A Mixture o f 4,5-bis( 11-fer/-butoxycarbonylaminoalkyloxy)phthalonitrile (52 or 71, 0.41
mmol), anhydrous NiCl2 (0.12 mmol), 1-octanol (20 mL) quinoline (2 mL) was stirred at 167°C
for 21 h. Solvents were evaporated through high vacuum at 117°C to remove 1-octanol. Water (20
mL) was added and extracted with toluene, and then the toluene layer was washed with water
(5x10 mL), evaporated to diyness and redissolved in methanol, washed with hexane (3x10 mL),
and evaporated to dryness again to obtain the crude product. It was further purified by column
chromatography (silica gel; hexane/EtOAc, methanol, pyridine) to obtain blue solids as the prod
ucts.

P c -C 6 -N H B o c :

IR (cm'1): 2980 (m, CH3), 2934 (s, CH2), 2861 (m, CH2), 1692 (vs, C =0 from

Boc), 1525 (s, NH from Boc)

UV-Vis (nm): in methanol 622, 672; In pyridine: 620, 645, 675, 708

Mass Spectrometry: unable to obtain the data from either MALDI-TOF or ESI-TOF MS
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P c -C u -N H B o c :

IR (cm '1): 3444 vs br, 2926 s, 2854 m, 1689, 1651 s,

Mass Spectrometry: unable to obtain the data from either MALDI-TOF or ESI-TOF MS

3.1.17. Cleavage o f Boc from Pc-C a-N H Boc

*■- n

hub

Ni-Pc-C 6-NHBoc

HC1 in methanol

--------------------- ►

Ni-Pc-C 6-NH2

room temp.

Scheme 51

Cleavage o f Boc from P c-C 6-NHBoc (84)

Saturated HC1 methanol solution (10 mL, prepared by bubbling HC1 gas into methanol) was
added to a solution of starting material (54 mg) in EtOAc (5 mL). The resulting mixture was
stirred over night at room temperature. The reaction mixture was diluted with water (20 mL) and
extracted with EtOAc/hexane (1:1 V/V) until the organic phase became colourless. In this process,
the product (blue solid) remained in aqueous phase while it was acid. As the acidity of aqueous
phase decreased, the blue solid remained in the organic phase. When the blue solid dissolved in
the organic phase, some hexane was added to decrease the solubility. After this extraction process,
all the solvent was removed under reduced pressure. The residue was dissolved in a bit of metha
nol, precipitated out by acetone, filtered to remove the yellowish acetone soluble impurities, and
washed with acetone until the filtrate was colourless to obtain 17 mg (50% yield) blue solid as the
product.

IR (cm-1): 3400-2400 br, 2930 vs, 2857 s, 1764 w, 1700 vs

UV-Vis (nm): 609, 644, 673 (in pyridine)

Mass Spectrometry: unable to obtain the data from either MALDI-TOF or ESI-TOF MS
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3 .2 .

Synthesis of TAPS-Cn-COOH and TAPS-Cn-NH2
3.2.1.

G eneral m ethod o f synthesis ofM g-T A P S-C „ -C O O H (n = 3, 6, 8, 11)

n = 3, Mg-TAPS-C 3 -OH
n = 6 , Mg-TAPS-C6-OH
n = 8 , Mg-TAPS-Cg-OH
n = 11, M g-TAPS-Cu-OH

HO(H 2 C)n S

HO(H 2 C)„ S .

S(CH2)nOH

\

j

,S(C H 2)nOH

HO(H 2 C)n S'

S(CH2)nOH

HO(H 2 C)n S

S(CH2)nOH

maleic anhydride
DIPEA, DMF .

HOO CCH =CHO OC(H ,CL S

S(CH ,LO COCH=CH COO H

HOOCCH=CHOOC(H 2 C)n S.

•S(CH2 )nOCOCH=CHCOOH

HOOCCH=CHOOC(H 2 C)n S'

n = 3- TAPS-C3-COOH
n = 6 , T A PS-Q -C O O H
n = 8 , TAPS-Cg-COOH

S(C H 2 )nOCOCH=CHCOOH

.,

HOOCCH=CHOOC(H 2 C)n S

Scheme 52

..

I

S(CH 2 )nOCOCH=CHCOOH

General method o f synthesis o f M g-TA PS-C „-C O O H

In a dry flask, maleic anhydride (2.5 mmol) and DMF (5 mL) were added under an argon at
mosphere. The reaction system was stirred thoroughly at 50°C and V.A-diisopropylethylamine
(DIPEA, 2.7 mmol) was added slowly drop-wise (15 min) into the solution via a syringe. Then a
solution of Mg-TAPS-C3-OH (0.27 mmol, made by Holger Eichhom20) in DMF was also added
drop-wise. The resulting mixture was stirred for 24 to 48 hours. Under cooling to room tempera
ture, it was added HC1 (100 mL, 0.36%) to precipitate out blue solids, then centrifuged, and
washed with water and dilute HC1 solution until the water phase became colour less. The residue
was dissolved in acetone, precipitated with hexane, and centrifuged. UV-Vis spectrometry result
of the dark blue solids indicated that all are demetallated Pcs.

TAPS-Cn-COOH: 0.136 g (74.7%)
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IR (cm'1): 3444 (vs, br, OH from COOH), 2923 (m, CH2), 2857 (w, CH2), 1726 (s, C =0 from
O CH CO O H and ROCOCH=CH), 1635 (s, C=C)

UV-Vis (nm): 656, 712

TAPS-C8-COOH: Yield: 0.097 g (100%).

IR (cm'1): 3447 (vs, br, COOH). 2926 (m, CH2), 2853 (w, CH2), 1729 (vs, C = 0 acid and ester),
1636 (s, C=C)

UV-Vis (nm): 649, 713

TAPS-C6-COOH: Yield: 0.067 g (77.2%)

IR (cm 1): 3447 (vs, br, COOH). 2928 (m, CH2), 2857 (w, CH2), 1727 (s, C = 0 acid and ester),
1637 (vs, C=C)

UV-Vis (nm): 649, 713

TAPS-C3-COOH: Yield: 0.296 g (81.6%)

‘H NMR (DMSO) 8: 12.73 (br, COOH), 6.2 (m, 16H, HC=CH), 4.3 (t, 16H CH2COO), 4.1 (t,
16H, SCH2), 2.16 (m, 16H, CH2).

IR (cm'1): 3424 (vs, br, COOH), 2961(m, =CH2), 2927 (m, CH2), 2857 (w, CH2), 1770 (m,
shoulder, C = 0 from COOH), 1723 (s, C = 0 from ROCO), 1633 (s, C=C)

UV-Vis (nm): 649, 708
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3.2.2.

General M ethod f o r Metallation o f TAPS-Cn-C O O H

TAPS-Cn-COOH

Ni(OAc)2, H ,0

----------— i .

Ni-TAPS-Cn-COOH

rt
n = 3, 6, 8, 11

Scheme 53

n = 3 ,6 , 8,11

General Method for Metallation o f TAPS-C„-COOH

TAPS-C„-COOH (0.013 mol) was dissolved in pyridine/THF (20 mL, 1/1) or pure pyridine.
Then 0.13 mol of nickel acetate was added to the solution. It was stirred at room temperature
overnight. The solvent was removed under reduced pressure until 10 mL left. Water (100 mL)
was added to precipitate out blue solid. It was filtered and washed with water. The solid was dis
solved in acidified THF to give a protonated product. The yield was about 80% or higher. UV-Vis
was used as the monitoring method, as the metal-free and metallated phthalocyanines differenti
ate each other by different spectral patterns. Metal-phthalocyanine complexes have only one peak
in methanol, which is around 660 nm. Metal-free phthalocyanines have two peaks in methanol,
which are 649 nm and 710 nm in this case.

UV-Vis (nm): Ni-TAPS-C3-COOH: 662 nm in methanol

Ni-TAPS-Cn-COOH: 662 nm in methanol

Ni-TAPS-C8-COOH: 670 nm in methanol

Ni-TAPS-C6-COOH: 668 nm in methanol

92
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

3.2.3.

General M ethod f o r Synthesis o f TAPS-C„-NHBoc

HO(H2C)„ S,

n = 3, Mg-TAPS-C 3-OH
n = 6 , Mg-TAPS-C6-OH
n = 8 , Mg-TAPS-Cg-OH
n = 11, Mg-TAPS-Cjj-OH

BocHNH2COOC(H2C)n S

N T '' n
|

11

BocHNH2COOC(H2C)n S

Scheme 54

N

S(CH2)nOH

S(CH2)„OH

,S(CH2)nOCOCH2NHBoc

N
\ \ . S ( C H 2)nOCOCH2NHBoc

1 y - M S- - Nn f
BocHNH2COOC(H2C)n S

An

HO(H2C)n S

N-Boc-Glycine
DIC, DMAP, rt

BocHNH2COOC(H2C)n S,

H

N ' ' n' N
V
j
\ y . S ( C H 2)nOH

HO(H2C)„ S

HO(H2C ) „ S '

,S(CH2)nOH

s<CH2l"OCOCH!NHB“

n = 3, Mg-TAPS-C3-NHBoc
n = 6 , Mg-TAPS-C6-NHBoc
n = 8 , Mg-TAPS-Cg-NHBoc
n = 11, Mg-TAPS-Cjj-NHBoc

S(CH2)nOCOCH2NHBoc

General Method for Synthesis of TAPS-Cn-NHBoc

A solution o f TV-tert-Butoxycarbonylglycine (Gly-Boc, 2.237 mmol), 1,3-diisopropylcarbodiimide (0.35 mL, 282 mg, 2.237 mmol), Mg-TAPs-C„-OH (0.186 mmol) and DMAP (27.33 mg,
0.2237 mmol) in dichloromethane (100 mL) was allowed to stand at room temperature for 70 h.
The A(jV-diisopropylurea was filtered and the filtrate washed with water (50 mL x3), acetic acid
solution (5%, 3x50 mL) and again with water (3X50 mL), dried over M gS04 and the solvent
evaporated in vacuum. Further purification included silica gel chromatography and eluted with
THF/hexane. The products were characterized with IR and NMR. NMR results showed that the
products were not pure. Spectra have many unknown peaks. IR spectra showed that the Gly-NHBoc were attached to TAP, which gave C =0 peaks around 1700 cm'1. However, the substitution
ratios remained unknown.
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3.2.4.

General method o f Cleavage o f Boc group from TAPS-C„-NHBoc

p-T F A

T APS-Cn-N HBoc

-------------- -

Ni-TAPS-Cn-NH2

TH F, rt

n = 3, 6, 8, 11

Scheme 55

n = 3 ,6 , 8, 11

General Method o f Cleavage of Boc group from TAPS-C„-NHBoc

p-Toluenesulfonic acid monohydrate (p-TFA, 12.89 mmol) was dissolved in THF (100 mL) and
TAPS-Cn-NH-Boc (0.3 mmol) was added to the solution, then stirred for a few hours at room
temperature. Then water (200 mL) was added and extracted with EtOAc/DCM. The organic layer
was washed with water (100 mL), 0.5 M NaOH (3x50 mL), and water (3x50 mL). It was dried
over M gS04, concentrated under reduced pressure and chromatagraphed (silica gel, DCM/THF to
pure THF). NMR spectra of products still have many unknown peaks, bad integrations and broad
ened peaks due to molecular aggregation.
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3 .3 .

Other Intermediates

3.3.1.

Synthesis o f 1,2-bis(l 1-hydroxyundecyloxyl)benzene (1) 14

^(CHzJnOH
B rfC H ^ O H

K2 C° 3 >CH3CN
100°C

^(CHzinOH

Catechol (6 g, 0.054 mol), 11-bromoundecanol (32 g, 0.126 mol), K2CO3(40 g, 0.29 mol) and
acetonitrile (200 mL, dried over M gS04) were heated up to 100°C under argon for 3 days. Then
toluene was added to precipitate salts and filtered. Solvent was removed from the filtrate under
reduced pressure until 10 mL remained and purified with silica gel chromatography (eluted with
toluene / EtOAc) to give 18.09 g o f white solid as the product with 73% yield.

'H NMR (CDC13) 8: 6.89 (s, 4H), 4.00 (t, 4H, J = 6.6 Hz), 3.65 (t, 4H, J = 6.6 Hz), 1.82 (m, 4H,
J = 6.9 Hz), 1.3 (m, 36H).

3.3.2.

Synthesis o f 1,2-dibrom o-4,5-bis(l 1-hydroxyundecyloxy)benzene (2)14 :

OH

,0 (C H 2 )hO H (Br)
Br2, DCM , 0 °C

►
"0(CH 2 )hOH (Br)

2 (OH, O H), 2a (O H, Br), 2b (Br, Br)

The procedures were the same as the Bromination of 1,2-dibenzyloxybenzene by using Br2 for
the Synthesis o f l,2-bromo-4,5-dibenzyloxybenzene with the following yields.
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l,2-dibromo-4,5-bis(ll-hydroxyundecyloxy)benzene (2): 7.95 g , 33% , white solid

'H NMR (CDC13) 8: 7.07 (s, 2H), 3.95 (t, 4H, J = 6.5 Hz), 3.65 (t, 4H, J = 6.5 Hz),

1.82(m,4H,

J = 7.1 Hz), 1.3 (m, 36H).

Mixture of l-(ll-hydroxyundecyloxy)-2-(ll-bromoundecyloxy)benzene (2a) and l,2-bis(llbromoundecyloxy)benzene (2b): 2.55 g, white solid.

'H NMR (CDCI3) 5: 7.07 (s, 2H), 3.95 (t, 4H, J = 6.5 Hz), 3.65 (t, 2.8H, J = 6.5

Hz),3.40 (t,

1.2H, J = 6.9 Hz), 1.82 (m, 4H, J = 7.1 Hz), 1.6-1.3 (m, 36H).

3.3.3.

Transformation o f 2a and 2b to 2

.O f C H ^ n O H (Br)

Br

0(0-12)3 •,OH

HMPA, H20

120 C
B r"

^
2

'0 ( C H 2 ) n 0 H (Br)

0 (C H 2 )h O H

a, 2 b

A mixture o f 2a and 2b (2.22 g, ~ 3 mmol) was treated with HMPA (25 mL) and water (5 mL)
at 120°C for 6 h. Under cooling to room temperature, water (50 mL) was added to the system and
extracted with diethyl ether (3x 100 mL). Then the ether layer was washed with water (3*100 mL)
and dried over M gS04. The solvent was evaporated under reduced pressure. Then it was recen
tralized in diethyl ester/ hexane mixture in fridge overnight to obtain 1.14 g white solid with 62%
yield.

'H NMR (CDCI3) 8: 7.06 (s, 2H), 3.94 (t, 4H, J = 6.5 Hz), 3.65 (t, 4H, J = 6.5 Hz), 1.80 (m, 4H,
J = 7.1 Hz), 1.3 (m, 36H).
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3.3.4.

Synthesis o f l,2-dibrom o-4,5-bis(ll-benzyloxyundecyloxy)benzene (15)

,0 (C H 2)11OH

Br

0 (C H 2)n B n

BnCl, KOH

OlCH^nBn

'•0(CH 2)110 H

l,2-Dibromo-4,5-bis(ll-hydroxyundecyloxy)benzene (1.992 g, 3.27 mmol) was dissolved in
redistilled benzyl chloride (20 mL), and powdered potassium hydroxide (3.1 g) was added. With
good stirring, the mixture was heated at 130-140°C for 9 h. Then it was cooled, diluted with water
(5 mL), and extracted with DCM. The extract, washed with water, was concentrated under re
duced pressure, finally distilled in Buchi distiller at 140°C to remove excess benzyl chloride. It
was further purified with silica gel column chromatography (eluted with hexane/DCM 1/3) to ob
tain 1.856 g (yield: 72%) white solids as the product.

'H NMR (CDCU) 5: 7.45-7.28 (m, 5H), 7.06 (s, 2H), 4.51 (s, 2H), 3.94 (t, 4H, J = 6.5 Hz), 3.47
(t, 4H, J = 6.5 Hz), 1.83 (m, 4H, J = 7.1 Hz), 1.3 (m, 36H).

3.3.5.

Synthesis o f l,2-dicyano-4,5-bis(ll-benzyloxyundecyloxy)benzene (16)

XKChynBn

Brv

,,0(C H 2)11Bn

B r'

0(CH2)iiBn

CuCN, DMF
reflux

''0 (C H 2)11Bn
15

16

The procedure was the same as the Synthesis o f l,2-dicyano-4,5-dibenzyloxybenzene (21)
(page 74) and obtained white solid as the product with 34% yield. However, the 'H NMR of the
product was not satisfactory.
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3.3.6.

Synthesis o f l,2-dibromo-4,5-dimethoxybenzene (17)

Br, DCM

The procedures were the same as the Bromination of 1,2-dibenzyloxybenzene by using Br2
(page 74) with 33.61 grams (79% yield) white solid as the product.

‘H NMR (CDC13) 8: 7.07 (s, 2H), 3.86 (s, 6H)

3.3.7.

Synthesis o f 1,2-dicyano-4,5-dmethoxybenzene (18)

C uC N , D M F

17

18

The procedure was the same as Bromination of 1,2-dibenzyloxybenzene by using Br2 (in page
74). The average yield was quite low, only about 10% to 20%.

'H NMR (CDCI3) 8: 7.16 (s, 2H), 3.98 (s, 6H)
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3.3.8.

Cleavage o f methoxy group from 1,2-dicyano-4,5-dimethoxybenzen

.OCH 3

NC

NC

.OH

NC

OH

cleav ag e re ag en t

OCH 3

NC

22

18

a) Catechol boron bromide as the cleavage agent

A solution of 18 (0.03 g, 0.16 mmol) in dry CH2CI2 (2 mL) was treated with catechol boron bro
mide (0.9 mL, 0.2M in CH2C12, 1 eq) drop-wise at room temperature. After stirring at room
temperature for 6 hours, the reaction mixture was added water (2 mL), and stirred for 20 min.
Then the mixture was adjusted to pH 3~4 with 1M HC1 and extracted with 10 mL DCM. Then the
water layer was adjusted to pH 1, and extracted with 10 mL DCM/EtOAc. Two organic layer was
condensed, dried to obtain two light brownish solid products. *H NMR showed that there was no
separation achieved between the dicyanocatechol (22) and catechol, which is resultant form
catechol boron bromide.

b) BBr3 as the cleavage agent

4,5-Cyanoveratrole (0.6 g, 3.2 mmol) was dried and dissolved in dry DCM under argon. BBr3
(1.1 mL, 3 g, 12 mmol) was the added dropwise to the cooled solution at -78°C and a white
precipitate appeared immediately. The cooling bath was removed 30 min after adding BBr3 and
the clear yellow solution was stirred at room temperature for 20 h. The solvent and remaining
BBr3were evaporated in vacuum (at 30 °C) and the white residue (boronic acid ester) was hy
drolyzed by adding HC1 (30 mL 0.1 M) at 0 °C. The suspension was stirred at 0°C for 30 min and
at room temperature for 2 hours, until a clear solution was obtained. This solution was extracted
with ether (3x50 mL), toluene (3x50 mL) and EtOAc (3X50 mL) and the extracts were dried over
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M gS04 separately. Evaporation o f the solvents resulted in solids. The NMR of the product was
unsatisfactory, which was discussed in 2.1.2.

3.3.9.

Synthesis o f 1-bromohexanoic acid triisopropylsilyl ester (24)

TIPSC1, im id azo le

B r(C H 2)5C O O H

------------------- ►

Br(CH 2)5C O O T IP S

T H F , rt

24

To a solution of 6-bromohexanoic acid (633 mg, 3.24 mmol) and triisopropylsilyl chloride (0.57
mL, 625 mg, 3.24 mmol) in DCM (20 mL) was added imidazole (221 mg, 3.24 mmol). The mix
ture was stirred at room temperature for 1.5 hours. DCM (20 mL) was added and washed with
NaOH (1 M, 2x20 mL), water (2x20 mL) and NaCl saturated aqueous solution (2x20 mL) re
spectively. The organic phase was dried over Na2S 0 4, evaporated and dried to give 0.736 g (yield:
64%) colourless liquid as the product.

'H NMR (CDC13) 6: 3.41 (t, 2H, J = 6.6 Hz), 2.37 (t, 2H, J = 7.2 Hz), 1.91 (m, 2H, J = 6.9 Hz),
1.67 (m, 2H, J = 6.6 Hz), 1.51 (m, 2H), 1.30 (m, 3H), 1.06 (s, 18H)

3.3.10. Synthesis o f 3-azidopropanol (32)

N a N 3, D M F , H M PA

Br(CH 2)3OH

------------------------------- N3(CH2)3OH
150 °C
32

To a solution of 3-bromopropanol (4 g, 28.8 mmol) in DMF (50 mL) was added sodium azide
(18.7 g, 288 mmol), followed by HMPA (50 mL). The mixture was heated at 150°C for 2.5 h.

100
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Under cooling to room temperature, distilled water was added and extracted with EtOAc. The
crude product was purified with column chromatograph on silica gel and eluted with EtOAc/ hex
ane (7/3) to obtain 1.53 g (yield: 57%) colourless liquid as the product.

'H NMR (CDC13) 5: 3.76 (t, 2H, J = 6.6 Hz), 3.45 (t, 2H, J = 6.6 Hz), 2.06 (s, 1H), 1.84 (m, 2H,
J = 6.2 Hz)

13C NMR (CDCI3) 5: 59.8,48.7, 31.8

3.3.11. Synthesis o f l,2-dicyano-4,5-dibenzyloxybenzene via the Ionic Liquid ap

proach

OBn

NC

OBn

CuCN , bmiBr
150 °C

A mixture of CuCN (490 mg, 4 mmol), 20 (450 mg, 1 mmol) in 1-n-butyl-3-methylimidazolium
bromide (bmiBr, 1 mL) sealed in a vial was heated at 150°C with stirring for 24 h. Under cooling
to room temperature, 10 mL o f concentrated ammonium hydroxide solution was added to the re
action mixture and extracted with EtOAc/hexane (2/1, 3x80 mL). The resulted solid was tested by
NMR without further purification. The 'H NMR results indicated that methoxy group could not
survive the cyanation condition.
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3.3.12. One p o t transformation o f azide-group to N -Boc-amino group (36)

(B o c) 2 0 , H 2, 5% P d/C

N3(C H 2)3OH

►

H O (C H 2)3N H B oc

E tA c, rt
32

36

The procedure o f this experiment was about the same as experiment 3.1.12, the Synthesis o f 6 brom o-N -B oc-hexane am ine (51) (page 83).

On Boc cleavage step, instead of NaOH solution, it was treated with Na 2C 0 3 (15%) and EtOAc
(to increase solubility) at 50°C overnight. The resulting mixture was extracted with EtOAc and
washed with water until the organic phase became neutral. Then it was dried over M gS04, and
removed solvent under reduced pressure. It was further purified by distillation to give a colourless
liquid as the product (0.311 g, yield: 18%).

1 H NMR (CDC13) 6 : 4.75 (s, br), 3.63 (t, 2H, J = 5.7 Hz), 3.25 (m, 2H, J = 6.0 Hz), 1.65 (m,

2H), 1.41 (s, 9H)

13C NMR (CDCI3) 8: 147, 85.4, 59.5, 37.1, 33.2, 28.6

3.3.13. Synthesis ofN -(3-brom opropyl)phthalim ide (43)

N'K+
Br(C H 2)3Br

------------------- ►

Br(CH 2)3P h t

+

P th (C H 2)3P h t

D M F , 130 °C
43

4 3 -d i

To a mixture o f potassium phthalimide (5.0 g, 26.7 mmol) and DMF (15 mL) was added 1,3dibromopropane (4.5 g, 22.3 mmol). The resulting mixture was stirred at 130°C for 4 h. The
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DMF was removed under reduced pressure. The residue was dissolved in DCM (40 mL), washed
with water (3><30mL), and dried over M gS04. The crude product was purified on silica gel chro
matography with toluene to give 2.4 g of N-(3-bromopropyl)phthalimide (43, colourless liquid,
40%) and 1.6 g o f N,N-1,3-diphthalimdepropane (43-di, white solid, 21%) as the product.

43: 'H NMR (CDC13) 8: 7.86 (m, 2H), 7.73 (m, 2H), 3.85 (t, 2H, J = 6.8 Hz), 3.43 (t, 2H, J =
6.6 Hz), 2.27 (m, 2H, J = 6.9 Hz)

43-di: 'H NMR (CDC13) 8: 7.86 (m, 4H), 7.72 (m, 4H), 3.78 (t, 4H, J = 7.3 Hz), 2.11 (m, 2H, J
= 7.1 Hz)

3.3.14. Synthesis o f l,2-dicyano-4,5-bis(N -3-phthalim idepropyloxy)benzene (44)

NC

0 (C H 2)3Pht

.OH

CS2CO3
+

DMF, 100°C
NC

0 (C H 2)3Pht

OH

43

44

The procedure o f this reaction was the same as experiment 3.1.7, the Synthesis o f 1,2-dicyano4,5-bis(5-methoxycarbonylalkyloxy)benzene (page 78), and obtained 0.485 g (yield: 62%) white
solid as the product.

'H NMR (CDC13) 8: 7.86 (m, 4H), 7.73 (m, 4H), 7.11 (s, 2H, $-H ), 3.81 (t, 4H, J = 5.9 Hz),
3.45 (t, 4H, J = 6.5 Hz), 1.84 (m, 4H, J = 6.1 Hz)

13C NMR (CDC13) 8: 59.76, 48.74, 31.80

IR (cm’1): 2951 m, 2871 w, 2229 m, 1728 vs, 1589 m, 1566 w, 1520 m,
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3.3.15. Synthesis ofN -tert-butoxycarbonylglycine anhydride (27) 51

B oc N HCH 2C O O H

DIC, 0 °C
-----------►

(B oc N HCH 2C O )20
27

To a 0°C solution o f Boc-glycine (2.1 g, 12 mmol) in DCM (25 mL), a solution o f DIC (0.756 g)
in DCM (10 mL) was added. The mixture was stirred at 0°C for 15 min and at -20°C (methanol
bath under a cooler) for 1.5 h. The reaction mixture was filtered and the filtrate was concentrated
and recrystalized from petroleum ether/diethyl ether (5/1) at -10°C to yield 0.485 g (yield: 24%)
white solid as the product.

*H NMR (CDC13) S: 5.03 (s, 1H), 4.06 (d, 2H, J = 4.5 Hz), 1.46 (s, 9H)

IR (cm 1): 3428 m, 3400, 3341 s, 2979 s, 2936 m, 1845 s, 1760 w, 1717 s, 1695s
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